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PREFACE. • 


Tue coutonts of the following pages have been com¬ 
piled from the many sources of information, chiefly 
Government Reports and Parliamentary Papers, which 
are mentioned in the foot-notes. In some cases the 
descriptions have been taken verbatim from the au¬ 
thorities named. The author is ind(^btod to the 

courtesy of the officials at the India Office foi- access 

« 

to many of the records quoted. 

There exists at present no book which gives any 
comprehensive account of the Irrigation Works of 
' India. The author often found, in India, the' greatest 
difficulty in obtaining any information concerning any 
other irrigation works than those on which he was 
employed; and he has often heard the wildest state¬ 
ments made, as to the profits or losses accruing to 
the Government on irrigation works, by men whose 
opinion carried some weight. He hopes, then, that 
to his brother officers of the Irrigation Department, 
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and, perhaps, to others, this brief account of the 
Irrigation Works of India will be acceptable. That 
it is imperfect, and, perhaps, not perfectly accurate in 
some details, he is well aware ,* but he believes that 
ho hq.'^ consulted the best sources of information 

c 

availabic, and that the description of the works is as 
accurate as it can bo made without local investi¬ 
gations. 

K. B. B. 


London, 

24/A, 1880. 
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IRRIGATION WORKS OF INDIA 

AND THEIR 

FINANCIAL RESULTS. 


CHAPTER I. 

INTRODUCTION. 

Oommencement of Public Works,—Q-uaranteed Companioa.—lirri- 
gatiou Works constructed on Loan.—Schemes of 1868 to 1871. 
—^Expenditure on Irrigation Works and Xtailways.—Classifica¬ 
tion of Works.—^Eioinfall. 

Previous to 1854 all public works, except railways, 
which were executed in India were carried on by the 
Engineer Department of the Army under the super¬ 
intendence of a military board. The expenditure 
incurred was treated as ordinary,** and was charged 
against the revenue of the year; no capital or revenue 
accounts of the works were kept. For this reason it 
is difficult, almost impossible, in the case of the older 
works, to find out their actual financial position. It 
was undpr this system that a portion of the Ganges 
canal (commenced 1847), the West Jumna canal 
(1817), and the works of the Oauvery (1834), the 
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Godaveri (1844), and Kistna (1852) deltas were com¬ 
menced. The system of charging the cost of large 
** reproductive ** works against yearly revenue was 
soon recognised as a false one, and it was decided 
that only such works were to be charged against 
yearly revenue as came under the following defini¬ 
tion*:— 

Those relating to the maintenance and erection 
of civil and military buildings, the repair and 
construction of roads, and the other multi¬ 
farious works necessary for the smooth and 
effective working of the administration of a 
great empire. 

While works which were of public utility, such as 
railways, canals, and harbours, and which were calcu¬ 
lated to increase the wealth and promote the pro¬ 
sperity of the country, were to be constructed from 
borrowed funds and treated as commercial under¬ 
takings. Of these latter works proper capital and 
revenue accounts were to be kept. 

In 184ff the Government had commenced the con¬ 
struction of railways' under what is known as thf 
guarantee system. Under this system the Govern¬ 
ment guaranteed 5 per cent, on the capital expendi« 
ture of those companies which undertook the con¬ 
struction of railways. The Government retained 
considerable command over the operations of the 


* Beport of Sdloet Oommittee on India Public Works, 1879. 
p,iu. - 
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oompanies; they controlled the routes, and no ex¬ 
penditure was undertaken until sanctioned by the 
Q-overnment officers. The oompanies raised the 
money required for the works; the interest on it 
was payable as soon as the money was raised, 
although it might not have been spent. This policy 
of guaranteed companies was eventually found ig be 
anything but an economical one, and wa*s abandoned 
in 1867, but it'was in full play in 1858, when great 
pressure* was brought upon the Government of 
India to promote irrigation by the same indirect 
agency as that by which they were then extending 
railway communication, the Madras Irrigation Com¬ 
pany was formed, with a Government guarantee of 
6 per cent, upon a capital of one million pounds; and 
a few years after another private company (the East 
India Irrigation Company) undertook, without a 
guarantee, the construction of a system of irrigation 
canals in Orissa. Both these experiments have proved 
costly failures to the State. But about 1863 the 
status of guaranteed companies was so far assured, 
and the East Indk Irrigation Company seemed to 
consider themselves so certain of success, that a pro¬ 
posal was actually madef by the secretary of that 
company in 1863 or 1864 to purchase the works of 
the Ganges canal from the Government for one and a 


* Beport of Select Committee on India I*n[blic Works, 1S79, 
p, vi 

t Copies of I)espatclie8.ordered to be printed by the House of 
Common^ 6th Hsxeh 1867. 

1 ♦ 
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half millions sterling. It was proposed that all returns 
up to 25 per cent, on the capital were to be retained 
by the company, any surplus beyond that was to be 
divided between the company and the Government. 

The arrangement between the Secretary of State 
and the Orissa or East India Irrigation Company 
soon ‘ became so involved, that it was considered 
advisable to terminate the contract by the purchase 
of the works of the company at a price much above 
their market value. This sale was effected at a time 
when the company was practically bankrupt. The 
Madras Irrigation Company, since its formation, has 
succeeded for one year only in meeting its working 
expenses. These two companies were the only ones 
connected with irrigation works in India. The Ma¬ 
dras Company still continues to carry on its works 
under the Government guarantee. The East India 
Imgation Company was purchased by the Govern¬ 
ment in 1867, at which date the Government had de¬ 
cided that both railway and irrigation works should 
be constructed directly by their own agency, which 
they considered to be more economical and more 
easily controlled than the guarantee system. 

Shortly before this decision was reached, the Go¬ 
vernment of India, in a despatch dated the 16th of 
Match 1866 to the Secretary of State, pointed out that 
what the Government desired was a permanent and per- 
aisteat effort to carry out gradually a large extension 
of irrigation works. They desired to raise loans to be 
devoted exclusively to this purpose, for they feafed that 
unless the principle of steady progress was definitely ac- 
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oepted, it would never be found financially convenient* 
to carry on works from beginning to end with proper 
vigour. The effect of depending from time to time upon 
the fluctuations of the money market would be the same 
as that of depending on occasional years of surplus 
revenue. In times of pressure the progress of wprks 
would be starved, and in times of financial prosperity 
attempts would be made to push forward without 
experienced establishments or matured arrangements. 

In reply to this‘despatch the Secretary of State 
(No. 200, dated 23rd August 1866) expressed his 
willingness to sanction the raising of any loans neces¬ 
sary to construct reproductive irrigation works, the 
estimates of which had been thoroughly matured, and 
of which reasonable expectation was maintained that 
they would prove remunerative. In consequence of 
this, great activity prevailed in the Irrigation Depart¬ 
ment during 1867-68-69. Many schemes were pro¬ 
posed and surveyed, and the staff of engineers was 
largely increased. In 1869 the Government of Indiaf 
reported to the Secretary of State that they had re¬ 
ceived such information as enabled them to form a 
good approximate estimate of the probable outlay 
required during the next ten years. Schemes esti¬ 
mated to cost thirty millions sterling were roughed 
out, and the Government of India proposed, to spend 


** Oopy of De^tohes ordered to be printed by the House of 
Oommons, Stih March 1866. 

t Copies of Correspondence ordered by the House of Conmons 
to be printed 27th July 1870. 
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one million six hundred and fifty thousand pounds in 
1869-70, two and a half millions in 1870-71, three 
millions in 1871-72, and after that four millions a 
year on irrigation works. 

The schemes proposed included* - extensions and 
improvements of the Great Madras Works, new works 
and extensions in Bombay, large perennial canals in 
Sind to replace the many inundation canals there, 
extensions and improvements on the west bank of the 
Indus, modifications and extension’s of the Baree Doab 
canal, the Sirhind canal, provision for the irrigation 
of the whole of the eastern part of the Punjab as far 
as the Bavee, a new canal from the Jumna a little 
below Delhi, a great system of canals to irrigate the 
province of Oude from the river Sardah, the Sone 
canals, the Midnapore canals, the Orissa canals, a pro¬ 
ject for the irrigation of the district bordering on 
the Gunduck river in Bengal, a canal to leave the 
Ganges near Bajraahal chiefly for purposes of naviga¬ 
tion, and many other schemes. The magnitude of 
these pri)jects, of which some have since been car¬ 
ried out and some are in progress, may be imagined 
from the fact that the area they were intended to 
protect was about equal to half of Pifauce and to the 
whole of Italy. 

The sums actually expended are given in the fol¬ 
lowing statementf which shows the amounts expended 

^ 2)etp4ith 11^0. 23 of 8tb Pebmary 1869, ovdered by the 
House of ClommoiKS to be printed 27th July 1870*. * 

t Append T., and Y32., of Si^ect Oommittee on 

Ihirt Indian l^blio WorkSf IP79. 
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on productive public works in each year from 1867-68 
to 1877-78 inclusive, the amounts expended on irri¬ 
gation works and State railways are separately given. 


Year. 

Irrigation Works. 

state fiailwajs. 

Total. 


■ 

£ 

£ 

£ 

1867-68 

219,255 

594 

219,849 

1868-69 

468,849 

552,398 

• 1,021,247 

1869-70 

2,007,361 

190,870 

2,198,231 

1870-71 

718,488 

449,372 

1,167,810 

1871-72 

983,854 

644,620 

1,628,474 

1872-73 

770,920 

1,413,649 

2,184,569 

1873-74 

1,198,682 

2,354,625 

8,553,307 

1874-75 

1,235,391 

8,014,180 

4,249,571 

1875-76 

1,105,445 

3,165,184 

4,270,629 

1876-77 

943,423 

2,865,861 

3,809,284 

1877-78 

918,317 

3,984,968 

4,903,285 

Total M 

10,569,935 

18,636,321 

29,206,256 


The expenditure on famine relief during these years 
amounted to no less than fourteen and a half millions 
sterling. 

The depressed state of the Indian finances during 
late years has greatly reduced the power of the Go¬ 
vernment to prosecute their plans, and many doubts 
have been thrown on the wisdom of such great exten¬ 
sion of irrigation as was contemplated in 3 869. The 
returns have not been nearly as large as was pre¬ 
dicted. The Secretary of State has now directed that 
only two and a half millions a year are to be expended 
on reproductive public works, including railways, and 
this decision has met with the approval of the Select 
Oomniittee of the House of Commons in their Eeport 
issued in XS79* 
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In the following brief account of the irrigation 
works of India, they are divided into different groups 
corresponding with the provinces in which they are 
situated, viz.:— 

(1.) The Madras Irrigation Works. 

(2.) Irrigation Works of Bombay. 

(3.J The Irrigation Works of Sind. 

(4.) The fiengal Irrigation Works. 

(5.) Irrigation Works in the North-West Provinces. 

(6.) Punjab Irrigation Works. 

These comprise all the important works of India; 
there are others of much less magnitude, chiefly tank 
works in Mysore, Eajpootana, and British Burmah, 
but as these are not included in the works considered 
by the Select Committee on East India Public Works 
1878-79, and as the available sources of information 
give little if any account of them, they are omitted. 
The works may be divided into five great classes:— 

1st. Perennial Canals. Works drawing their supply 
from rivers of which the discharge is, at all times of 
the year, sufficient, without storage, to supply the 
canals* 

2nd. Intermittent Canals. Works which draw their 
supply from rivers having an uncertain and very vari¬ 
able discharge, which is stored and rendered constantly 
available for the canals by means of reservoirs formed 
in;the basins of the rivers themselves. 

8rd. Chronic Canals. Works fed from rivers having 
a supply available during the rainy season only.* 

4th, ^undatipii Canals* Works drawing their sup- 
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ply from rivers having a constant discharge of more 
or less magnitude, but which are so constructed that 
the water of the rivers only enters the canals at those 
times when the rivers are in flood. 

5th. Tanks. Works which impound a supply either 
from rivers with small datchment areas, or collect a 
supply by means of long embankments tlirown ribross 
valleys, or by means of short embankments across 
gorges. 

Works of the last two classes were largely con¬ 
structed by the natives of India before the English 
Grovernment obtained possession of the country; they 
are to be found, on all scales, in almost all parts of 
India; from the Great Ohembrambaukum tank—nine 
square miles in area—in Madras, to the petty *‘ahrahks ’* 
or embanked ponds of Behar; and from the great 
Inundation canals—two hundred and three hundred 
feet wide—in the Punjab and Sind, to the petty 
“ pynes ” which lead off from many small rivers and 
streams in north-western Bengal and elsewhere. All 
the Perennial canals are, with one or two exceptions, 
works constructed by the British Government. The 
•statement attached to each chapter shows to which 
of the above flve classes each canal belongs. 

The statement on the next page shows the rainfall of 
the different districts of India as divided by the Meteoro¬ 
logical Department of Calcutta into rainfall tracts. 

The tracts numbered XVII. and XYIII. correspond 
as near as may be with the districts commanded by 
the Madras Irrigation Works, and those numbered 
X*, XI., VII., in., and 11. with the works of the 
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other provinces in the order 2, 3, 4, 6, and 6 as they 
are mentioned above. The rainfall of the country 
actually commanded by any canal is given, if it is 
obtainable, in the statements appended to the chapter 
on each province. 


STATSUiBirr of Bainvall ia different Tracts of India, from 
•iftfomation given by the Meteorologioal Department, Cal¬ 
cutta.* 


Tracts. 


Bainfall in 
Inches. 


I. Western Himalaya . 

IL Punjab Plains. 
in. Upper Gangetic Plains, North 
Vinces .... 

IV. Eastern Himalaya . 

V. Lower Gangetic Plains . 

YI. Assam and £. Ben^l 
Vn . Western Bengal 
VIU. Central India and Neibudda 

IX. Bajputana and Gujerat . 

X." Sind and Kutch . 

XI. Kbandeisb and Berar 
Xn. Central Provinces (South) 
Xm. North Deccan Plateau 

XIV. Hyderabad and S. I^ccan 

XV. Concan and Ghats . 

XVI,, Malabar and Ghats 
XVIL Carnatic ) 

X VlU. Northern Circars ) 

XIX. Arakan . 

XZ. Pegu 
XXI, Tenassmim 
XXII. Bay Islands . 


West 


Madras 




Pro- 


66 

22 

88 

144 

68 

96 

66 

44 

82 

9 

29 

49 

28 

26 

146 

112 

84 

86 

198 

76 

178 

108 


* PabUjihed in the Beport of &e Select Committee on Xndjaa FnbBo Works, 
1879. 
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CHAPTER n. 

IBBIGATIQN WOBES OF THE HABEAS PEESIOENOT. 


The Godaveri.—^Eistnah. — Pennair.—Oauvery.—Chembrainbati< 
kum Tank.—^Palar Project.—Vellore Delta Works.—State¬ 
ment oi Areas irrigated.—Madras Irrigation Company. 

With the exception of the Western Jumna canal in 
the Punjab, the oldest of the irrigation works under¬ 
taken by the British Government in India are those 
of the Madras Presidency. The statement on p. 12 
shows the principal works and gives some statistics 
concerning them. 

' Godavari Ddta System, 

The Gbdavari anicut or weir was commenced in 
1844-46 for the supply of the canals of the delta at 
the head of which it stands. The river drains an 
erea oC about 116^670 square miles; the crest of the 

* Th^g histories xmtica ii taken &om the kameX Progress 
Bep^tEl the Iwii^tioB Branek in '^e MAdxas Piiesidency lov 

ia7Ma?» 
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aniout is at 38 feet above mean sea level, and it is 
situated at about 33 miles from the coast. The 
length of the crest of the weir, on the line of which 
the river is divided into four branches, is 3,938 yards. 
The greatest depth of water which has passed over 
the weir is 15*25 feet. A short distance below the 
weir, the river forms two main branches with a cenlral 
delta between them. 

There are three main canals, that of the eastern 
delta has a bottom width of 184^ feet, and, when 
carrying a full supply, the water is 8*21 feet deep ; 
that of the central delta will be 114 feet widenat 
bottom, with a depth of 7 feet of water; that of the 
western delta varies considerably in width, but where 
the water is carried in a single channel the bottom 
width is about 225 feet, and the full depth of water 
10 feet. All the principal canals of the delta are 
navigable. The length of canals now available, or 
shortly to be ready, for navigation is 518 miles, and 
many of them have, during the last five years, been 
much improved by the construction of new locks and 
the reduction of the current. The total area of the 
*delta is about 2,023 square miles. Extensive works 
for the improvement of navigation and drainage 
have been undertaken since 1870 in the eastern 
and western deltas. This syst^em commands about 
1,000,000 swsres. 

' The following statement shows the length of 
navigable canals open and the progress made in 
1877 - 78 : 
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Proposed 
total Length. 

Completed «id Narigable. 

Name of Oaxial. 

TTp to 1876- 
77 inclusire. 

Up to 1877- 
78 inolusiTe. 

Ectstern DeUa: 


Ms. Ohs. 

Ms. Ohs. 

JUOain Oaual , 

4 12 

4 12 

4 12 

Samulcqttah Canal . , . 

34 28 

84 28 

84 28 

C!p<^nada Canal 

27 48 

27 48 

27 48 


88 40 

29 50 

29 50 

Coringa Canal 

24 87 

24 87 

24 37 

Injerain Canal 

11 9 

11 9 

11 9 

Mundapetta Canal , 

13 35 

18 35 

13 35 

Total 

153 49 

144 59 , 

1 

j 

144 59 

Central Delta s 




Main Canal 

8 0 

8 0 

8 0 

Gunnamm Canal . 

44 0 

28 0 

28 0 

Bank Canal . 

41 0 

85 0 

35 0 

Amalapur Canal 

32 0 

26 0 

26 0 

Bendarnurbunka Canal . 

14 0 

2 0 

2 0 

Bellakurru Canal . 

4 0 

4 0 

4 0 

Tilsa Main Canal . 

7 0 


—. 

Kadally Canal. 

7 0 



Total 

157 0 

103 0 

103 0 

Weetem Delta: 




Main Canal 

6 11 

6 11 

6 11 

Kakaxapurm Canal. 

10 16 

9 4 

9 4 

Kamapur Canal . i 

29 68 

29 68 

29 68, 

Bankr Oanal ^ . 

25 56 

22 88 

25 50 

Mnklcaxuala Canal . 

2 32 

2 32 

2 32 


28 86 

28 35 

28 35 

BUore Canal . 

40 27 

28 40 

28 40 

^nuolaon Cantd 

B 48 

3 43 

3 43 


22 74 

29 74 

29 74 

ITndt Caiml 

-15 60 

15 60 

IS 60 

' \ At^iOpfoal f 

15 60 

15 60 

15 60 

r' Total . 

208 1 

191 65 

194 77 

Gmdtbtal . 

■i i' 'i ' , ’ 

51$ 50 

4^ 44 

‘ m ss 

! 

; 
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Kistm Delta System, 

The Kistna anicut or weir was commenced in 1852, 
The site chosen is at a point where the river is much 
narrower than its normal width, its channel b^ing 
there confined by rooky hills on either T)ank. The 
length of the crest of this weir is 1,280 yards. In 
1874 the river rose to 19*42 feet above the weir- 
crest, and this was the highest fresh which has oc¬ 
curred since the anicut was built. The drainage-basin 
of the river has an area of about 110,000 square miles. 
The river divides the delta into two parts. The 
eastern delta main canal will, when completed, have a 
bottom width of 200 feet, and the deptli of water be 
8^ feet. The main canal of the western delta will 
have a bottom width of 230 feet, and a depth of water 
of 8 feet. 

The principal canals are navigable, and their length 
so available is at present about 267 miles. Some 
addition will hereafter be made to the extent of navi¬ 
gation by the extension or improvement of the canals. 
The area of the two parts of the delta is together 
2,110 square miles; the ultimate area of irrigation is 
estimated at 470,000 acres. 

The subjoined statement shows the length of navi- 
gable canals open, and the progress during the year 
1877-78. 
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Nai^e of Otmal. 

« 

Proposed 
total Lengtii. 

Navigable. 

tip to 1876- 
77 molusive. 

Up to 1877- 
78 inolasive. 

Eastern DcMa: 

i 

Us. 

Ohs. 

Ms. 

Ohs. 

Ms. 

Oba. 

M»iii Oatshl > 

c 

45 

0 

45 


45 

£llore Oaatal . 

40 

0 

40 

0 



Budameri^ Canal 

87 

0 

20 

0 

20 

0 

Masulipatatn Canal * 

49 

13 

49 

13 

49 

13 

Pallern Canal . 

26 

62 

17 

62 

17 

62 

Kamurru Junction Canal 

0 

40 

0 

40 

0 

40 

BuntumiUy Canal . 

14 

20 

14 

20 

14 

20 

Polraykodu Canal . 

16 

61 

16 

51 

16 

61 

Total 

175 

71 

158 

71 

158 

71 

Weet&m DeUa: 







Main Canal 

13 

0 

13 

0 

13 

0 

KiKatnpatam . 

27 

78 

27 

78 

27 

78 

!jBank Canal 

45 

60 

21 

0 

21 

0 

Commanoor Canal . 

50 

0 

46 

30 

46 

30 

Total . 

Crand total 

136 

58 

108 

28 

108 

28 

812 

49 

267 

19 

267 

19 


Pennaif Ammt System. 


* r* 

The Penn^ir delta embraces a comparatively Eiiiall 
afea. On the north side of the river there are from 
2dQ to ,2i0 fqaare miles of country, in vrhiqh there 
are numkons ^nks, which reodve a more or less 
r«^hl® Wply of water ; it has be^ proposed to 

but hithepto the 
fa .state in which it was^forikd 

poisfasiom -Oh' 











AND TUBIB FINANCIAL RESULTS. 


17 


the south side the area is 150 square miles, and has 
been provided with a fairly complete system of irri¬ 
gation. The aniout or weir across the river was 
commenced in 1855, and was, until the year 1875, 
527 yards in length, or about one-third of the normal 
width of the river. It has been lengthened to ^77 
yards to lessen its liability to damage. In**the flood 
of 1874, 18*37 feet of water passed over the crest, 

• and much of the country on both sides of the river 
was inundated. The area of the basin drained by the 
river is about 20,000 square miles. The ultimate 
area of irrigation is estimated at 77,000 acres. 

Cauvery Delta System. 

The Oaiivery delta has the largest area of irriga¬ 
tion in Madras. About ten miles west of Triohi- 
nopoly the Agunda-Oauvery divides, at the head of 
the island of Srirangam, into two branches, the Gole- 
roon and the Cauvery. Across the Coleroon a weir 
called the Upper anicut was constructed about the 
year 1834, and was one of the earliest of the great 
'vyorks planned by Sir Arthur Cotton. Its effects on 
the delta have been very great, and the benefits con¬ 
ferred on the Government and on the people of the 
Tanjore district have more than fulfilled the anticipa¬ 
tions of the projector by securing a reliable supply 
of water, and obviating the necessity for collecting 
annually, or in some seasons several times during the 
year, many thousands of the cultivators to form 
temporary works for the diversion of water down the 
Cauvery. The head of this latter Work is 1,960 feet 

2 
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wide, and the bed-level is regulated by a dam. After 
running for some 16 or 17 miles the Cauvery bifurcates 
into two main channels, the Cauvery and the Yennar, 
which irrigate nearly equal areas, and which give off 
numerous branches; at all .the principal bifurcations 
regulating works have, during the last few years, 
betJn consfeucted. The Cauvery was formerly con¬ 
nected with the Coleroon at the east end of the island 
of Srirangam, some 20 miles from the Upper Cole¬ 
roon anicut, and across this channel a work called the 
G-rand anicut was built by the natives many years 
before the province of Tanjore was ceded to the 
British. This was the first step towards the improve¬ 
ment of the delta, and its effects must have been 
great. 

In the northern deltas the whole of the distribution 
of water has been artificially carried out by canals; 
but in the Cauvery delta the principal distribution was 
effected naturally by the numerous branches thrown 
off by th^ Cauvery and Yennar; and from these 
branches innumerable small channels have been cut to 
convey water to the lands of the delta villages. The 
chief work to be done under the British Government, was 
firstly, to render the water-supply more reliable; this 
was secured by the Upper anicut: and secondly, to re¬ 
gulate the distribution by the principal rivers, towards 
which something was done formerly by the regulating 
works at the head of the Yennar, and much more 
during the last few years by the construction,of regu- 
' lators at the head of the principal branches. It is 
Intended to brin^ the Cauvery under complete regula- 
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tion, and to provide a new head for the Yennar at the 
Grand anient, so that the delta may be entirely pro¬ 
tected from excessive floods, and that water which 
cannot with safety be carried by the various rivers of 
the delta may be passed over the Grand aniout and dis¬ 
charged by the Coleroon river to the sea. Much useful 
work has been done in the delta towards reflating the 
widths of the rivers and improving the alignment. 
Formerly the river-beds varied greatly in width, and 
the result was that the deep channels changed from 
year to year, the tendency being to cut away the 
banks in some places, and to deposit the eroded 
material elsewhere. The parts of river-beds in excess 
of the width required have been planted up with a tall 
grass called nanal or durbah; this checks the current, 
causes a deposit of the silt held in suspension, and so 
gradually reclaims land in a very simple, effectual, and 
inexpensive manner. 

The Cauvery rises in the western ghauts or moun¬ 
tains, and drains an area of about 28,000 square 
miles. The area of its delta is about 2,700 square 
miles. The system irrigates about 796,908 acres. 

Chembramhaukam Tank System, 

The Chembrambaukam tank is a large reservoir about 
14 miles from Madras, which has been formed by en- 
larging an old native tank. Before its enlargement it 
held from 55*61 to 77*80 millions of cubic yards, and 
had an area of 4,648 acres or 7*26 square miles. Its 
pr^ent capacity is 102*91 millions of cubic yards and 
the waterspread is 5,729 acres or 8*95 square miles. 

2 * 
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The old sources of supply have been utilised to a 
greater extent by enlarging the supply-channel and 
its head-sluice. 

It is not yet known whether the extension of irri¬ 
gation will realise the expectations entertained when 
the scheme was sanctioned. Originally it was in- 
tendM to ipake the tank large enough to hold 19G'87 
millions of cubic yards, but a reconsideration of the 
scheme with reference to the water-supply available 
resulted in the alteration of the project to the dimen¬ 
sions above noted. 

Vellore Delta Works. 

The Pelandorai anicut gives its name to a system of 
irrigation in South Aroot. The anicut is built across 
the Vellar river, at the site which gives the work its 
name, and a supply-channel from the right bank, re¬ 
gulated by a head-sluice and connected with subsidiary 
channels, conveys water for the irrigation of fifty 
villages in the Ohilambaram Taluk. The works were 
commenced in the year 1870 and are, with the exception 
of additional storage in tanks, practically completed to 
the extent of the original design. 

Palar Anicut System. 

The Palar anicut is thrown across the river of that 
name at the town of Vellore in the North Arcot dis¬ 
trict. It is 2,600 feet long and is the head of a system 
whidh irrigatei? about 37,672 acres. Channels provided 
with head-sluices take off on either bank above the 
aniidtit. The original work was constructed about the 
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year 1855. It was damaged and partly carried away 
in 1874, and has since been restored. 

Streevigantham Anicut System. 

Tlie Streevigantham anicut system is of considerable 
importance. The anicut crosses the Tamrapurni river 
in Tiiinevelly about 16 miles from the sea,^and iS 4he 
lowest anicut on the river. It provides for the exten- 
. sion of irrigation on both sides of the river, the 
channels leading from which not only irrigate the land 
directly, but furnish supplies to existing tanks where 
the water is stored. The original estimate of the 
extent of land to be brought under cultivation was 
32,000 acres. Little remains to finish off the project 
as sanctioned. 

The eight works just described are those of which 
capital and revenue accounts are kept, as will be seen 
on reference to Chap. YIII.; they irrigate together 
about If millions of acres of crops, and bring in to the 
Government a net profit of about 17 per cent, on their 
capital cost. But it must not be supposed that these 
are the only works which are used to irrigate the fields 
in the Madras Presidency. The Madras works are 
divided by the local government into six classes:— 

(1.) Irrigation works for which capital and revenue 
accounts are kept, and which are constructed 
from borrowed funds. This class contains 
^only the eight works above described. 

(2.) Works of which individual accounts are kept, 
but which are not constructed from borrowed " 
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funds. This class contains some forty-four 
small works, each costing on the average 
about one thousand four hundred pounds 
and irrigating about 4,000 acres. 

(3.) Minor irrigation works supplied by rivers and 
streams. 

(*4.) Taia^ks in groups. 

(5.) Isolated tanks. 

(6.) Miscellaneous irrigation works, including spring 
channels, ponds, wells, and any other works 
from which revenue may be derived. 

The eight works’of Class 1 are those which are called 

reproductive ” works by the Government of India 
and are those of the greatest magnitude, but the 
statement * on p. 23 shows that, although these eight 
works bring in large profits to the State, the minor 
works are perhaps equally important to the people, 
since 3,476,000 acres are irrigated by them, or about 
twice the area irrigated by the eight “ reproductive ” 
systems. 


Madras Irngation Company^s Canal, 

The works of the Madras Irrigation Company in the 
districts of Ballary, Kumool, and Cuddapah in Madras 
are the only works in India under the administration 
of a company having a capital guaranteed by Govern¬ 
ment, The company was incorporated by an Act of 

* Amuml Progress Eeport of the Irrigation Branch, of the 
Hadx^ Presiclency for 1877-78. 
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Pfirliaraent, dated the 1 Ith of May 1868, for the pur- 
poRO of constructing and managing works of irrigation 
and navigation in various parts of India. An inden¬ 
ture or contract deed was executed on the 3rd of June 
1863 between the company and the Secretary of State 
for India, providing for the execution by the company 
of one work to be selected by the Local Government, 
to cost on€^ million sterling, and on which 5 per cent, 
return was guaranteed by the Secretary of State. In 
pursuance of that agreement, the so-called Toombudra 
or Tongabudra project was adopted. This included 
a canal for irrigation and navigation from Sunkesala, 
17 miles above the town of Kurnool on the Toombudra, 
to the Kistnapatam estuary on the sea-coast in Nellore. 
The company accordingly undertook that section of the 
scheme which extends from Sunkesala to Soomais- 
weram on the Pennar river.* In 1866 it having been 
found that the original estimate was quite insufficient 
to complete the project, a further agreement was con¬ 
cluded on the 30th of July of that year. This con¬ 
tract separated the section of the scheme extending 
from Sunkesala to Cuddapah from the remainder of 
the project, and provided for a loan of six hundred 
thousand pounds from the Secretary of State to the 
company on the security of debentures issued by them. 
The loan was to be expended in the completion of the 
canal to the Pennar and thence4o the town of Cud- 
dapaH. The work was virtually completed in 1871. 

* Annual Progress Report of the Irrigation Branch, Madras 
Presidency, 1877-78. . 
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A great deal of correspondence* passed in 1871 
between the Governments of India and Madras with 
reference to the company. It appeared doubtful if 
the conditions imposed on the company that the canal 

was to be in “ perfect working order to the satisfao- 

# 

tion of the Local Government by the 1st of July 
1871 ” had been carried out, and it was contemphated 
to take over from the company all their works and to 
.carry them on by direct Government agency. At 
about the same time the company applied for an ex¬ 
tension of their guarantee for the purpose of com¬ 
pleting what they termed their “ original Toombuddra 
project.” In July 1871 Captain Scott, E.E., reported 
on the works for the information of Government; he 
reported 189 miles of main canal and 216 miles of dis¬ 
tributaries to be practically completed, the area then 
commanded being 91,567 acres. There appeared to be 
great fears that the banks and retaining walls would 
breach; Captain Scott, indeed, expressed an opinion 
that many breaches would occur if the canal were 
tested by a full irrigation supply for thirty days. 
Probably this would be the case in almost any new 
canal when it was first opened, but great stress seems 
to have been laid on the fact to the prejudice of the 
company. In 1872 the Government of Madras re¬ 
ported that “ it seems doubtful whether in their pre¬ 
sent state the works can prove remunerative, for 
130,000 acres must be irrigated to pay the interest 

* Correspondence, printed by order of the House of Oominons, 
between the Secretary of State for India and the Gtuvernments of 
India and Madras, May 1872. 
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alone on the capital expended, while the largest extent 
of land actually irrigated hitherto by the works has 
only been 1,887 acres. Works which were ori^nally 
estimated to cost four hundred and ninety-three thou¬ 
sand three hundred and forty-eight pounds are said to 

• 

have actually cost one million fifteen thousand five hun¬ 
dred and fifty-two pounds, and serious strictures were 
passed on the details of construction of the works. In 
consequence of this report the Secretary of State in¬ 
formed the company on the 9th of January 1872 that* 
“ the practical conclusion to which his Grrace, in com¬ 
mon with the Governments of India and Madras, has 

I 

come, is that no public advantage whatever, but, on 
the contrary, very serious disadvantage, has accrued 
from the recourse which for so many years con¬ 
tinuously has been had to the co-operation of the com¬ 
pany in the construction of irrigation works ; and he 
sees no reason for supposing that anything would be 
gained by either the Government or the people of 
India from further perseverance in the same course. 
He desires it, therefore, to be distinctly understood 
that in any further opei:ations which may be con¬ 
templated by the company, they must rely entirely 
on the resources which they can independently com¬ 
mand, for that no further pecuniary aid in any shape 
will be afforded by the Government.’* However, the 
Government did not exert their right to acquire the 
works of the company and manage them themselves. 

♦ Oorrespojndence, printed by order of the House of Oommous, 
between the Secretary of State for India and the Government of 
hidia and Madras, May 187B. 
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The company still carried, and still continues to carry 
them on with results which are very far from satisfac¬ 
tory. 

In 1876 arrangements were made between the com¬ 
pany and the Secretary of State, whereby the former 
abandoned all parts of their scheme outside the Sunke- 
sala and Cuddapah canal on condition of receiving a 
refund of the expenditure incurred by them on the 
-investigation, &o, of the projects so abandoned. 
Hitherto the canal had been a failure in a financial 
point of view. The returns from irrigation and the 
sale of water generally have been insignificant when 
compared with the capital outlay. They averaged to 
the end of 1875-76 about fifty-one thousand rupees per 
annum, but the impetus given to irrigation in the fol¬ 
lowing years by the failure of the monsoon rains raised 
the revenue receipts very materially. 

It has been alleged that the postponement of the 
arrangements necessary for opening the canal for navi¬ 
gation—a postponement due to the company being 
without the necessary capital to allow of the naviga¬ 
tion works being completed and floating plant provided 
—^acted prejudicially against the extension of irrigation. 

The statement on page 28 is given in the Madras 
Progress Report, 1877-78, as the present estimated 
cost of the works, but it is evidently not complete. 

This estimate does not include items for the Home 
expenditure and establishment; the total amount ex¬ 
pended on the works up to the end of 1877-78 was 
one million seven hundred and eight thousand two 
hundred and eleven pounds sterling,' 
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Works. 


Eetimated Cost. 

Anicut and Headworks at Knmool 


£ 

30,308 

One mile of Caqal from Anicut 


6,500 

Anicut and Head works at Sunkasala - 

m 

48,982 

1st Section Main Canal, 18 miles 


112,978 

Aqueduct across the river Hindry^^ 


48,065 

2nd Section Main Canal, 14 miles" 


202,468 

3rd do. do. 11 do. 


99,086 

4thi ‘ do. do. 17 do. 


121,063 

5th doT do. 12 do. 


89,188 

dth do. do. 19 do. 


94,639 

7th do. do. 23 do. 


76,699 

8th do. do. 28 do. 


.83,839 

9th do. do. 35 do. 


96,211 

Anicut and Headworks at Adimapally 


43,823 

10th Section Main Canal, 18 miles 

m 

25,726 

Anicut and Headworks at Soomaisweram 


17,172 

Distribution Works' - 

a 

34,327 

Buildings .... 


10,626 

Breach repairs of August 1870 


6,244 

Lino of Tolegi'aph from Sunkesala to Cuddapah 

7,203 

Eevenue Account ... 


22,998 

Navigation .... 

- 

38,464 

Total 


- 1,296,439 

Deduct— 

£ 

Retrenchment from 4th Section, 

Main Canal... 12,487 


12,726 

Retrenchment from 4th Section, 

c 

Buildings - - - 239 ; 

Total 

- 

1,283,713 


The canal begins* at Soonkesala with a weir across the 
river Toombnddra. The weir has a length.of 1,600 yards 
of clear overfall, but is broken into two parts by an 
intervening island. The weir stands upon the rocky 


*■ Soc»]^ 9 ak Canal of tlio Madras Irrigation and Canal 
Company,” ty Jr, H. Latiiam, M.A., M.1.C«£. Proceedings of the 
Ilv^bitute of Civil Unglneers, vol. xxziv. 
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river-bed, and is formed partly of solid rubble masonry 
of gneiss trap and quartzite boulders, partly of gravel 
concrete with gneiss rubble facing in front and rear 
of the same section, and partly of solid gneiss rubble 
masonry, with a facing on , the lower side of Kurnool 
limestone ashlar. The coping is joggled wherever the 
anicut (which is not straight, but follows th^' lin^ of 
the highest solid rock) is concave in plan on the up¬ 
stream side. The height varies from 6 to 26 feet, and 
averages about 18 feet, and the highest registered 
flood rose 7^ feet over the crest. 

From the Soonkesala weir the water is admitted 
into the canal by a head-sluice without any lock. The 
face of the head-sluice is kept clear by th(^ scour of 
ten under-sluices at a lower level in the weir, the 
stream to these under-sluices is forced against the 
front of the head-sluices by a long curvilinear groin. 
The minimum cross-section of the canal for the fii’st 
seventy-five miles has a 90-feet bottom, with 2 to 1 
side-slopes, the depth of water being 8 feet. Below 
the forty-fifth mile, the canal being in good soil, a 
depth of 9 feet of water is allowed. At the seventy- 
fifth mile the canal passes through the watershed 
between the Toombuddra and the Penn air rivers at 
Metacondal; and thence the natural watercourse be¬ 
comes the main supply channel under the successive 
names of the Kali, the Koooder, and the Pennair. 

The canal in the first seventy-five miles is calcu¬ 
lated to carry B,000 cubic feet of water per second, 
and, after gradually parting with about 760 cubic feet 
per second for irrigation, to convey' at least 2,260 
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cubic feet per second through the Metacondal cutting. 
At Metacondal 1,915 cubic feet per second may be 
discharged into the Kali, and 337^ cubic feet per 
second carried down the continuation of the canal. Of 
the 1,915 cubic feet per second poured into the Kali, 
the canal is calculated to take up 750 cubic feet per 
soednd at^Jutoor, and 375 cubic feet at Rajoli, leaving 
about 750 cubic feet of water per second for the irri¬ 
gation below Cuddapah and for Kellore. 

From the natural main supply channels into which 
the first section of the canal discharges at Metacondal 
the water is taken at four points, viz. Lockinsula, 
Jutoor, Rajoli, and Adanimayapilly, by the simple 
process of throwing weirs across it, with the under- 
sluices in the weirs to keep down the silt, and head- 
sluices across the channel to control the supply and 
entrance locks. 

The canal may be divided into five sections :— 

I st. The section from the head at Soonkesala to the 
seventy-fifth mile, when the canal joins the Kali. 
This length distributes one-fourth of its supply, which 
it draws from the Toombuddra, over the country, 
and throws the remainder into the natural water¬ 
courses of the Kali, to be drawn off with the other 
channels as it is required. 

2nd. The section from the seventy-fifth to the 
ninety-fifth mile. This length is an irrigating channel 
for six miles only. It carries only 337-| cubic feet per 
second out of 2,250 cubic feet which the first channel 
had discharged intq the Kali, From the end of the 
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sixth mile this channel is a still-water canal, 45 feet 
base, and having a minimum depth of 5 feet. But 
the head-sluice and lock are designed for 6 feet 
of water if the extra supply is ever required. The 
canal in this twenty mil^s drops 180 feet 6 inches 
through twelve locks. At the ninety-fifth mile the 
channel tails into the next length. ^ 

3rd. The section from the ninety-fifth to the one 
hundred and forty-sixth mile. This length draws off 
its supply, which the Kali watercourse carries down 
from the end of the first channel, from that water¬ 
course at Jutoor. It is intended to distribute 750 
cubic feet per second in the district of Kumool. The 
headworks consist of a weir of limestone in rubble 
masonry founded on soft shale: the weir is 6 feet 
broad below the coping, and has a batter on the upper 
side of 1 in 4; the rear face, which is ashlar, de¬ 
scends vertically into a trench or water-cushion hol¬ 
lowed out of the shale and lined with limestone 
masonry. This channel is designed for 6 feet of 
water; it is an irrigation channel for 23 miles only 
of its length. From the one hundred and eighteenth 
mile to the one hundred and forty-sixth it consists of 
level reaches, which fall 187i feet through seventeen 
locks; the base of the canal is 50 feet. The last 
look on this length drops the canal into the next, or 
fourth section. 

4th. This fourth length of canal is, like the two 
former ones, supplied from the same watercourse into 
which the first channel discharges at its tail. The 
watercourse is called the Koonder at the place, called 
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Rajoli, where the head of this channel is fixed. The 
one hundred and forty-sixth mile of the navigable 
canal drops into thk channel at about a quarter of a 
mile from its head. The headworks consist of a weir 
across the Kooiider of rubble masonry 5 feet thick at 
the top, with a batter of 1 in 2 on the upper face, and 
plu^nb oxvthe lower face. The weir is built on solid 
limestone-rock. This channel is an irrigating one 
as far as the one hundred and seventy-second mile 
only; from thence to the one hundred and eightieth 
mile, where it falls into the same watercourse, it is a 
navigation canal only in level reaches. It falls 90 feet 
6 inches in its length, and is calculated to carry 
375 cubic feet per second in the first 26 miles only. 
The base is 50 feet. 

5th. The fifth and last section of the canal is only 
8 miles long. It supplies a very small area with water. 
It is, in fact, the first eight miles of the proposed 
canal into Nellore. There are headworks across the 
Pennair very similar to those of the other channels. 
The canal terminates at the end of this length, about 
one and a half miles from the Madras railway, and 
163 miles from Madras itself. 

The locks on this canal are 120 feet long.by 20 feet 
broad in the clear, with a working depth of 5 feet 
6 inches of water. The headway allowed under the 
bridges is 15 feet. A large aqueduct carries the 
canal over the Hindry by fourteen arches of 40 feet 
span. The most remarkable feature in this canal is 
the height nf many of the embankments and the 
method of their construction. There are 8^ miles of 
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embankment, where the water-level of the canal is 
more than 35 feet above the level of the country. In 
two miles the bank exceeds 40 feet in height, and it 
even reaches 50 feet. These banks are made in many 
different ways, and a full and most interesting account 
of them "will be found in the paper quoted in the foot¬ 
note of p. 28, from which this account of the works 
is mainly derived. The largest banks are made with 
^ . a masonry face wall backed by a quartzite gravel bank 
6 feet wide at the top, with an outer slope of 2 to 1. 
The face wall is perpendicular at the back, with a 
batter of 1 in 7 in the front; it is 2 f^et thick at the 
top, strengthened by counter-forts 16 feet apart. In 
parts the banks are formed with puddle cores, 9 feet 
thick, on each side of which rubble-stone is packed; 
the inner face of the slope is lined with puddle 3 feet 
thick. The puddle is protected by dry rubble-packing 
’ oh the face, and at the toe of the slope it is worked 
into a trench 5 feet deep. Many varying arrange¬ 
ments of puddle and pitching and different forms of 
face walls and revetment walls are used in different 
parts. 

The canal is said to command 183,300 acres of land 
for irrigation. 


3 
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CHAPTER m. 

THE IBBrOATION WOBKS OP BOMBAY. 

Classification.—Mutha Canals.—Jamda Canals.—Krishna Canals. 
Tiftlrh Canal.—Palkher Canal.—EkrukTank.—Hathmati Canal. 
Bhatodi Tank.—Maini Tank. 

The irrigation works of Bombay may be divided into 
four great classes as follows*:— 

Class I. Works fed from rivers rising in the western 
ghats, the supply to which is rendered permanent 
by storage. 

Works of this class have a certain supply lasting all 
the year round. The only work fulfilling these con¬ 
ditions yet brought into operation is the Mutha 
canal. 

Class II. Works fed from rivers supplied from the 
western ghats unaided by storage. 

Works of this class have a certain supply lasting 
from June to December only. 


* Irrigail^n Revenue Report of the Bombay Preeiden^^, 
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Class III. Storage tanks on, and canals fed from, 
rivers, with extensive catchment areas, not rising in 
western ghats. 

The supply to works of this class depends on the 
local rainfall, and is variable and uncertain. 

Class TV. Storage tanks on, and canals fed from, 
rivers with restricted drainage areas. ^ 

The supply to works of this class is the same as 
Class III., but still more variable and uncertain. 

The table on p. 36 shows the chief works apper¬ 
taining to each class, the area under command, and 
other statistics concerning the canals. 

The following information concerning these canals 
is taken from the Revenue Report of Bombay for 
1876-77, which gives a very full account of all the 
works. 


Mutha Canals. 

This scheme was first proposed by Colonel Fife, 
R.B., in 1863-64, after a protracted investigation of 
proposals for the irrigation of the district east of 
Poona by small tanks on the tributary streams, which 
were proved to be financially impracticable. 

The Mutha river, a tributary of the Bhima, rises in 
the western ghats, 30 miles from Poona, and by lo¬ 
cating the headworks of the canal on that river, a 
certain and unfailing supply—during the four months 
over which the south-westerly monsoon lasts—was 
secured. The rainfall on the ghats is seldom less than 
200 inches, and has never been known to fail. Plans 
and estimates for the project were finally submitted 

3 • 
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in 1868, and in December of that year these canals 
were commenced. 

The scheme comprises a large storage reservoir or 
lake on the Mntha river, 10 miles west of Poona, with 
two canals, one on each bank of the river. The canal 
on the right bank is designed to be 99| miles long, and 
to discharge 412 cubic feet per second at the lie&d. 
The discharge can, if necessary, be increased to 535 
cubic feet. The canal passes through the station of 
Poona, and is designed to command 230 square miles, 
or 147,200 acres of land, nearly all of which is situ¬ 
ated east of Poona. This area lies entirely in the dry 
zone of the Deccan, which is described by General 
Strachey as a band running parallel to the line of the 
ghats, and at a distance of about 20 or 30 miles to the 
east of them, along which the rainfall seldom exceeds 
20 inches. In this zone the variations in the rainfall' 
and risk of severe drought are great in proportion as 
the absolute rainfall is small. The left-bank canal 
is 14^ miles in length, and extends a short distance 
beyond the station of Kirkee. It commands an area 
of 4,300 acres, and the designed discharge at the head 
is 38’5 cubic feet per second. The total area to be 
commanded by the complete scheme is thus 151,500 
acres. 

Besides providing for the irrigation of this tract, 
the work is designed to furnish an abundant supply of 
pure drinking-water to the city, cantonment, and civil 
station of Poona; also to the powder works at Earkee, 
and to the numerous villages situated along the course 
of the canals. 
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The reservoir is formed by a masonry dam founded 
on solid rock. The dam is of uncoursed rubble 
masonry, and is one of the largest works of its kind 
in the world. Its length, ezolusive of the waste weir 
(which is 1,453 feet long), is 3,683 feet, and the 
height above the river-bed is 99 feet, the maximum 
height ajbove the foundation-level being 107 feet. 
The crest of the waste weir is designed to be 11 feet 
below the top of the dam, and the maximum depth of 
storage is thus 88 feet. The contents of the reservoir, 
when completed, will be 5,226,000,000 cubic feet, 
and the area of the water surface will be 3,681 acres, 
or 5f square miles. In order to gain sufBcient eleva¬ 
tion to command the station of Poona and district 
beyond, the level of the bed of the canals is fixed at 
69 feet above the river-bed, or bottom of the reser¬ 
voir. The available depth of storage is thus 29 feet. 
The volume of water stored above the canal-level is 
3,476,000,000 cubic feet. The river at the site of 
the dam has a catchment area of 196 square miles. 
During an average season it is calculated that the 
reservoir will fill sixteen -times, and that one-sixth of 
the whole discharge of the river will be turned to 
account. Provision is made for the utilisation of the 
water-power available at the reservoir. The water 
will be passed through turbines into the canal, and it 
is calculated that it will develop to constant force 
of eighty horse-power. 

The right-bank canal is navigable as far as Poona. 
In the tenth mile the water-supply for the city 

drawn pB. The canal is carried through the 
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station of Poona in tunnel to avoid interference 
with the buildings, parade-ground, &o. There are 
two tunnels. On emerging from the first, in the 
centre of the cantonment, the canal-bed falls. This 
fall is utilised, by means of an undershot wheel, to 
drive pumps for raising the water into the settling- 
tanks, filter-beds, and covered dispense-reservoirs ,of 
the high and middle service systems. l^rom the 
canal itself low service mains and branches are led 
off. 

Under the instructions of the Government of India, 
the length of the right-bank canal is to be restricted 
for the present to the seventy-first mile, up to which 
point the area under command is 98,384 acres, includ¬ 
ing that on the left bank. The total estimated cost of 
the works is sk hundred and thirty-six thousand five 
hundred and eighty-nine pounds. Of this it has been 
estimated that the portion debitable to the water- 
supply of Poona is sixty-seven thousand five hundred 
and sixty-three pounds, leaving five hundred and sixty- 
nine thousand and twenty-five pounds as the cost of 
the irrigation scheme including mill-power. Deduct¬ 
ing for the latter item seven thousand four hundred 
and ninety eight pounds, the net cost of the irrigation 
scheme is five hundred and sixty-one thousand five 
hundred and twenty-seven pounds. The area under 
command is 98,384 acres, and the cost per acre is 
thus five pounds fourteen shillings. This will be re¬ 
duced, if the canal is extended as originally designed 
to command 151,600 acres, to four pounds per acre, 
including the cost of extension. The total cost of 
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tho works to the end of 1877-78 was five hundred and 
eighty-four thousand nine hundred and fifty-six 
pounds. 


Jamda Canals, 

The Girna river, on which these canals are situated, 
is a tributary of the Tapti. It rises in the western 
ghats, 60 miles west of Malegaon ; at Jamda, the 
headworks of the canal, it has a drainage area of 
2,700 square miles. 

This is the first work of any magnitude which was 
undertaken in the Deccan by the Indian Government; 
the plans and estimates were drawn up in 1863. Thjey 
provided for a masonry weir, 1,640 feet in length 
and 18 feet in maximum height, founded on solid 
rock across the Girna river, near the village of Jamda, 
in the Khandesh collectorate, with two canals—one on 
the left bank, 27 miles long, commanding 26,600 
acres; and one on the right bank, 18 miles long, 
commanding 12,100 acres. The canals traverse por¬ 
tions of the Ohalisgaon and Pachora talukas. The 
works have been constructed as designed, with the 
exception that the tail portion of the right-bank 
canal, 6 miles in length, has been omitted, whereby 
the total area under command has been reduced to 
30,000 acres. The left-bank canal has a discharge 
capacity of 261 cubic feet per second at the head, and 
that on the right bank 121 cubic feet. 

Work was commenced in 1863, and a section of the 
Ief|lrbank casHl, iO miles in length, was opened in 
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February 1866. The scheme was designed principally 
for monsoon irrigation. 

The left-bank canal has been in operation for eleven 
years. That on the right bank was not brought into 
operation until the year 1877-78, owing to there 
being no demand for monsoon or rabi water, and to 
the perennial supply being insufficient. This^ caiftd is 
capable of extension to command a large area of land 
in the adjoining valley of the Boree river, and the 
aqueducts and bridges have been constructed to admit 
of an increased discharge. The headway to over- 
bridges is sufficient to admit of navigation. The 
capital outlay to the end of 1877-78 was one hundred 
and two thousand seven hundred and forty-one 
pounds. 

Krishna Canal, 

The headworks of this canal arc situated on the top 
of a rooky barrier across the Krishna river at Korsee, 
2 miles above the town of Karad at the confluence of 
the Koina and Krishna rivers. The Krishna river 
rises in the western ghats and at the site of the canal 
headworks drains an area of 1,247 square miles. The 
project, as drawn up and sanctioned in 1863, com¬ 
prised a weir of rubble masonry 1,200 feet in length 
and 21 feet in maximum height, with a small subsidiary 
weir to retain a pond of water to break the force of 
the water falling over the main weir during floods, 
and a canal 45 miles in length commanding 44,800 
acres on the left bank of the river. 

Pending experience as to the extent to which rice 
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and monsoon crops were likely to be irrigated, the 
length of the canal has been restricted to 32J miles. 
The culturable area under command is 20,823 acres. 
The canal is calculated to discharge J40 cubic feet 
per second, generally, for eight months in the year; 
but in order to take advantage of freshes its escapes 
and embyikraents were designed at such a level as to 
secure as much as 300 cubic feet per second whenever 
such a supply might be available. Provision was also 
made for constructing, at the close of the monsoon, a 
temporary earthen bank on top of the weir, with 
escapes at each end, in order to store the water 
brought down by the slight freshes, which generally 
occur in April and May. 

Provision has been made for deepening the canal at 
the head, should it prove that the perennial supply 
requires to be supplemented, by drawing off the water 
stored above the weir to a lower level. 

The work was opened for irrigation during the rabi 
season of 1868. In 1872 a complete system of main 
distributaries was sanctioned; these have since been 
constructed as required. . The work was estimated to 
irrigate 27,500 acres. The capital outlay had been 
eighty-nine thousand and sixteen pounds to the end 
of 1877-78. 


Lahh Canal. 

The headworks of this canal are situated on the 

<♦1 

Prawara river. The scheme was commenced in 
October 1866. It consists of a masonry weir, founded 
on solid ronk across the Prawara river, 1,600 feet long 
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and 16‘6 feet in maximum height, with a canal 21^ 
miles in length which traverses portions of the Rahuri 
and Newasa talukas on the left bank of the river. At 
the tail the main canal bifurcates into two bi’anches, 
the length of which is 17 iniles. These, with 19 miles 
of distributing channel, command the whole area lying 
between the Prawara and the Godavari at their jupc- 
tion, which is described as a fine black-soil plain The 
area under command is 25,000 acres; the canal has a 
capacity of 182 cubic feet per second at the head. At 
the weir site, the river has a catchment area of 909 
square miles. A first section, 3 miles in length, was 
opened on the I5th of March 1868. A further length 
of 2 miles was opened in the following June, and 
water was passed along the whole length of 21 miles 
in August 1869. The tail distributaries were not, 
however, commenced until 1872-73. The works were 
entirely complete, with the exception of masonry 
heads to distributing channels, in 1873-74. The 
capital outlay had been thirty-six thousand three 
hundred and forty-nine pounds up to the end of 
1877-78. 


Palkher Canal, 

The Kadwa river, from which this canal is supplied, 
rises in the western ghats, 30 miles north of the town 
of Nasik, and joins the Godavari, 20 miles east of 
that place. The headworks of the canal are formed 
by a weir of rubble masonry, 20 feet in height, and 
with a length of crest of 800 feet, situated on a rocky 



44 


THB IBUIGATION WOBKS OK INDIA 


barrier about 20 miles above the junction of the rivers. 
The Kadwa river drains an area of 332 squftre miles, 
above the weir site. The canal is on the right bank 
of the river, and commands the whole area lying 
between the Kadwa and G-gdavari immediately above 
their juncjtion. This area is 20,000 acres, and com¬ 
prise* tg^enty villages of the Dindori and Niphar 
Talukas of the Nasik Collectorate. The canal has a 
discharge capacity, at the head, of 80 cubic feet per 
second, and is 11 miles long, with main distributaries 
8 miles in length. The plans and estimates were 
drawn up and the works commenced in 1868, but their 
progress was delayed by two accidents, due to exces¬ 
sive floods, and the canal was not opened for irrigation 
until the kharif season of 1873-74, when the work was 
only partially complete. The main canal was not en¬ 
tirely completed until 1876-76, and the distributaries 
and their masonry heads are still unfinished. The 
capital outlay up to the end of 1877-78 was twenty- 
two thousand six hundred and fifty-nine pounds. 

The smaller works of Class II. are;— 

In Nasik, the Wadali canal from the Kadwa river. 

In Ahnsedhagar, the Ojhar canal from the Pra- 
wara river. 

In Satara, the Eewari canal from the Wasna river. 

In Satara, the Yerla canal from the Yerla river. 

In Dharwar, Madag tank on the Choardy river. 

The Wadali is an old canal wtich has been improved 
and extended. 

• The Ojhar canal is a small work commanding only 
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4,408 acres. The canal is 10 miles in length and 
carries 125 cubic feet per second. 

The Rewari canal was originally partially con¬ 
structed about the year 1871 by one Naroo Appaji, 
who held high office in the service of the Peshwa. 
The weir across the river was completed, but the 
canal was in an unfinished state when he died.^an^ the 
work was not completed. After the district passed 
.into the hands of the Indian Government, some ex¬ 
penditure was incurred in bringing the unfinished 
work into operation, and it is said the canal was used 
for irrigation one year, but owing to the want of 
slope in the channel, and to its being carried under 
two of the drainage channels in tunnels of insufficient 
capacity to admit of their being cleared, it was found 
impossible to keep the water running, and after one 
season’s experience the work was abandoned. In 
1863 the work was undertaken by the Government, 
the channel leading from the weir was reconstructed 
and the canal, which is 4 miles in length, put in good 
repair. It commands 6,004 acres, of which 5,341 are 
culturable. 

The Yerla canals consist of tVo channels, one on each 
bank of the river Yerla. The one on the right bank 
is 9 miles long, that on the left miles. The area 
under command is 12,800 acres, but the supply of 
water available is only sufficient to irrigate 6,500 
acres during four months in the year. 

The Madag tank is an old work in the extreme 
south of Dharwar on the borders of Mysore. It is 
reported to have burst when it was first made by the 
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natives, who were afraid to complete it after the acci¬ 
dent. Two canals are led off from the tank which at 
present only command 2,467 acres of culturable land. 

Ekruk Tank. 

• 

This work, one of the largest of its class, nnder- 
takffb by the Indian Government, is situated 5 miles 
north-east of Sholapur; the scheme was drawn up in 
1863 and sanctioned in 1866. It comprises a reservoir 
or tank formed by an earthen dam, and three canals 
for irrigation. The dam is 7,000 feet in length and 
76 feet in maximum height, thrown across the valley 
of the Adhila river, a tributary of the Lina. The 
drainage area of the river above the tank site is 160 
square miles. The tank is 60 feet deep when full, 
and contains 3,360,000,000 cubic feet. The area of 
the water surface is 4,640 acres, or 7J square miles. 
Two waste weirs, of an aggregate length of 750 feet, 
are provided for the escape of flood-water after the 
filling of the tank. There is one canal on each bank 
of the river at a high level, designed for four months* 
irrigation, and a third, on. the left bank, at a low level, 
designed to give a perennial discharge. The table on 
p. 47 gives the length and capacity of each canal, and 
the areas under commfind. 

The low-level canal flows close past the town of 
Sholapur. The high-level left-bank canal is capable 
of extension to command an additional area. The 
same may he said of the other two canals, but not to 
a proportionate extent. The scheme was estimated to 
Ipmish a supply sufficient for 21,150 acres of irriga- 



AND THBIE FINANCIAL BESULTS. 


47 


Canal. 

Length. 

Carrying 
capacity, 
Cnbio Feet 
per Second. 

Level at 
which Canal 
takes off 
below full 
supply level 
in the Tank. 

Area 

under 

Command. 

High-level right bank 
canal. 

• 

Kilea. 


' 

Feet. 

Acres. 

18 

60 

14 

fi4<76 

Low-level canal (left 
bank). 

26 

70 

39 


High-level left bank 
canal. 

4 

26 

14 

826 

Total . 

48 

156 

: 

17,746 


tion annually. The work was commenced in ] 866~G7, 
and the dam was closed—a work of some risk with so 
high a dam—in December 1869. The scheme was 
brought into partial operation during the kharif season 
of 1871—72. At the end of 1876—77 the work was en¬ 
tirely completed, with the exception of the last two 
miles of the low-level canal, and of the last twelve 
miles of the right-bank canal. The capital outlay has 
been one hundred and forty thousand nine hundred 
pounds to the end of 1877-78. 

Hathmati Canal. 

The Hathmati river is a tributary of the Salarmati. 
The headworks of the canal, which takes its name 
from the river, are situated in Edar territory, just 
above the old fortified town of Ahmednagar, about 40 
miles above Ahmedabad. At the site of the head- 
works of the canal, the river has a drainage area of 
524 square miles. The canal is 20 miles long and 
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oomniands an area of 34,068 acres on the left bank of 
the river. For the first three miles of its course it is 
in Edar territory, and thence to its tail, where it joins 
the Khari river, it traverses a ^portion of the Ahpaed- 
abad collectorate. 

Plans and estimates were first drawn up in 1869. 
They*-pr^vide for a total length of 32f miles of canal, 
commanding 45,068 acres. For the first miles the 
carrying capacity was 450 cubic feet a second, and 
provision was made for discharging 250 cubic feet a 
second into the Bnjwah, a tributary of the Khari, to 
supplement the supply in the latter river, which is 
utilized some miles lower down by a system of sluices. 
It was found, however, that the constant reliable 
supply in the Hathmati river, at different seasons, had 
been over-estimated; and the length of canal was, 
therefore, reduced to 20 miles. 

The head works of the canal are formed by a weir of 
rubble masonry 1,000 feet long, and 22 feet in maxi¬ 
mum height. The work was commenced in 1869-70 
and was brought into partial operation in 1873-74. 
The outlay to the end of 1877-78 was fifty-five thou¬ 
sand five hundred and ten pounds. 

Bhatodi Tank. 

The capital cost of this work, amounting at the end 
of 1877-78 to thirty-eight thousand two hundred and 
seventy-two pounds, comprises the expenditure in- 
curred on the restoration of a ruined tank, believed to 
be many centuries old, situated on the Mekhri river 
which rises 10 miles porth^east of the town of Ahmed- 
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Dagar, and joins tlie Sina river 40 miles below Abmed^ 
nagar. Unlike most native works of tbe kind» the 
dam consisted, where it crossed the river-bed, of a 
low ^ssive masonry waH some distance in front of 
the line of earthen embankment, which formed the 
principal portion of the dam. The work, as taken 
in hand by the English Government in the ear]y,^«Ct 
of 1868, comprised thS completion of the masonry 
^ dam, 2,400 feet long and 50 feet in maximum height; 
the construction of a waste weir on the left bank, 460 
feet long with its crest 7^ feet below the top of the 
dam; and of a canal for irrigation on the right bank, 
4i miles long, capable of discharging 140 cubic feet 
per second at the head, and commanding altogether 
14,000 acres of land. The land under command is 
situated in eight villages of the Ahmednagar Taluka. 
The level at which the canal takes oS is 22-^ feet 
below the crest of the waste weir. The drainage area 
of the tank is 50 square miles. The tank has an avail¬ 
able capacity of 149,000,000 cubic feet, and an area 
when full of BIO acr^s. It is estimated to fill with a 

•f 

rainfall of 5*40 inches, of which half an inch runs o£E* 
The work was partially completed and open for irri¬ 
gation in 1871. In that year the tank was filled to a 
depth of 10 feet; any ^ater over that depth was allowed 
to escape through a gap 95 feet long left in the maspnry 
d^; it had a vertical drop of 25 feet. In 1871-72 the 
dam was rai^ a farther he%ht of 5 feet, and a cistern 
to breiik the force of the falllh^ wate^ was ^ded. The 
»tor%e was thereby increased to 108,000,000 cubio 
f^t« Belbte the monsoon of 1876 the dam was rais^ 
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a further height of 2^ feet, and entirely completed 
before the end of 1876-77. 

Maini Tank, 

This work is situated on a small tributary on the 
left bank of the Yerla river, 22 miles south-east of the 

Yerla canals, and 46 miles from Satara. The scheme 

* * _ 

was ii?st investigated in 1866. The plans and esti¬ 
mates were sanctioned and work commenced in 1868. 
The work comprises a storage reservoir, capable of 
containing 190,000,000 cubic feet, and having an 
area, when full, of 380 acres, formed by an earthen 
dam 2,870 feet long and 67 feet in greatest height, 
constructed across the valley of the Wang river. The 
catchment area of the river above the dam is 64 square 
miles. The level at which the canal takes off is 31 feet 
below the waste-weir crest. The canal has a discharge 
capacity at the head of 33 cubic feet per second. The 
work was designed to command in all 7,000 acres, but 
up to the end of 1876-77 the actual area under com¬ 
mand was 4,638 acres, of which 4,469 were culturable, 
and were comprised in three villages of the Khatar and 
Kbanapur talukas. 

The smaller works under Class IV. are 
The Hartala tank in Blhandesh. 

The Mhasra tank in Khandesh. 

The Kasurdi tapk in Poona. 

' The Kqregaon tank in Sholapur. 

* ; TJih 0ba,doli canal from the Man river in Salara. 

tfhb'phllSdi canal irom the Kandni nver in Satai% 
f ‘ Ibm anroas the Kalala Hnln in Bharwar; 
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These are all small works of the same nature as the 
larger ones previously described. Some of them are 
new works undertaken by the English Government, 
and some are old native works restored. 


4 
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CHAPTER lY. 

THE lEEIGATION WOEES OF SIND. 

< 

Indus Delta.—^Inundation Canals.—Sind.—Char.—^Western Nara. 
—^Begari.—Eastern Nara.—^Puleli.—Sukkur and Sliahadadpur. 

The rainfall in this province averages about 
9 inches. Here the very existence of the people is 
entirely dependent on the canals; those parts which 
are without an artificial supply of water are barren, 
uncultivated and unpopulated. The canals are mainly 
old native works which have been restored, improved, 
and maintained by the British Government. The 
statement on p.,63 gives such statistics as are available 
of the principal canals in Sind. 

The following account of the canals is taken from 
the parliamentary paper mentioned in the foot-note.* 
It is much to be regretted that no more detailed ao- 
oont^t of these very interesting works is available. 

* of the M(M and Hataiial IProgreiift, and Oonditi<»i 
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After the rivers of the Punjab unite in the Indus at 
Mithankot, that river flows for 450 miles to the sea, 
through the arid and rainless country of Sind. What 
the monsoons are to other parts of India, the inunda¬ 
tion of the Indus, and the canals which distribute its 
waters, are to Sind. This country is an alluvial plain, 
almost every portion of which has been swept by the 
Indus, or its branches, at some time or other. Traces 
of ancient channels are to be met with in almost every 
direction. The land is highest at the river-banks, and 
slopes away on either side. The reason of this is that 
the river brings down a greater quantity of silt than 
its stream, moderated in velocity on the nearly level 
plain, can carry forward. The silt is deposited, and 
the result is that the bed and banks of the Indus are 
continually rising. The process is sure, but very 
slow. Dr. Lord calculated that the Indus annuaUy 
brings down silt suflicient to form an island 42 miles 
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long by 27 broad, and 40 feet bigb. When tbe bed 
attains a certain beigbt tbe water spills over tbe banks, 
and tbe river, at intervals of several centuries, changes 
its course. It bas slowly worked its way from east to 
west. In A.n. 710 tbe invading MusHms found a Hindu 
dynasty at Alor. Tbe ruin of Alor was caused by 
tbe'‘ia?d>js moving to tbe west. Then the seat of 
government was moved to tbe city of Brabmanabad, 
tbe ruins of which are now 45 miles from tbe river. 

It is this movement of the river which causes one 
of tbe diflBiculties in Sind irrigation. The river is 
continually carrying away the banks in one direction, 
and forming new land in another. This process never 
ceases; tbe falling masses of earth make a noise in 
the distance, resembling volleys of musketry. Ft'om 
Sakbar to the sea tbe distance is 300 miles; the 
banks are permanent only at three places, Sakhar, 
Jbirk, and Kotri. At Sakhar the river rushes through 
a narrow gorge in the toestone hills, forming a per- 
feet rapid during the inundation, with a descent of 
above 4 feet. At Jhirk the river is not contracted, 
but there is rock on either side. At Kotri hills ap* 
proach on both sides, and the clay soil is deep and 
tenacious. The rise of the Indus commences in May 
and subsides at the end of August. 

The tonals are excavations carried a^y from the 
river in an oblique direction. They vary from 10 to 
so© feet in width, and from 4 to 10 feet in depth. 
Hone, in foi^er timos, had their heads at the three 


the rir0r<«bed is permanent, and none are 
tO;draw from Ike river eaasetrt 
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during inundations. They resemble natural water¬ 
courses more than canals. From the position of the 
canal-heads they are liable to two evils; either the 
river encroaches and tears away the banks, or it re¬ 
cedes and forms a great sandbank across the head. 

The canals are out through the high margin of the 
river-banks; they conduct the water to lower isn^etsr, 
where, under favourable circumstances, it flows out on 
the surface. The cultivated land may be divided into 
three classes—first, the land which can only be irri¬ 
gated by the help of Persian wheels to raise the water; 
secondly, land irrigated by machinery, when the canal is 
low, but- over which the water will flow naturally when 
the canal rises; thirdly, land watered altogether with¬ 
out the aid of machinery. Some of the largest canals 
were at first natural channels, others were dug by 
various rulers of Sind. They are rude and simple 
expedients which attain their object, though less per¬ 
fectly and at greater cost than if they had been con¬ 
structed on sound principles. The care of the canal 
consists in cleaning out the silt deposited by the in¬ 
undations, or washed away from the sides. This used 
to be done by statute or forced labour. 

On the western bank, commencing from the north 
of Sind, near Sakhar, the chief canals are the Sind, 
Ghar or Larkhana, Begari, and Western hfara. All 
^but the Bigari are probably, judging from them tor¬ 
tuous courses, natural chani^els kept open artificially. 

. Sind Canal. 

The Siud canal opens from the main stream of the 
Indus, on the right bank, 21 miles below Sakhai*. Its 
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total length is miles, and, at its tail it divides into 
three branches, the Mutti, Kadu, and Mihshuda canals, 
the former connecting the Sind with the Larkhana 
canal. The coarse of the Sind is very tortuous, and 
the fall deficient. 

Ghar CanaL 

Ghar .or Larkhana leaves the Indus 23 miles 
below Sakhar, and has three heads or channels of 
supply. It is very tortuous, and the fall is thus much 
reduced. Several smaller canals branch from it; it 
finally divides into two branches, the Nurwah and 
Nowrung, and loses its name. The No wrung again 
divides into two, the Andrawah and Muldussi, and 
these are again divided into several smaller channels. 

Western Nora. 

The Western Nara leaves the Indus 27 miles below 
Sakhar, and at 40 miles from the head it is 200 to 
300 feet wide. This canal is less winding than the 
Ghar, and the fall is consequently greater. The 
country is well cultivated on either side of it, and 
the villages are numerous. It returns to the Indus 
at Sehwan. 

The improvement of these canals, espedally of the 
Ghar, was commenced in 1866 under Captain Ford. 
A channel of supply was out from the Western Nara 
to the Ghar, called the Fordwah, which augmented 
its su^ly and raised its level. The head of the'Ghar 
WM also hiuch improved. The Fordwah is considered 
to onb of the most successful works ip Sind. It 
Uv^l'ot ^e Ghar three feet, and inm^sed 
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its volume enormously* thus converting a large area 
from wheel to natural-flow irrigation. The lower 
part of the Western Nara was, of course, somewhat 
injured, but not in proportion to the gain to the area 
dependent on the 0har. 

Begari Canal. 

The Begari canal, also on the right bani>-of-the 
Indus, is the most interesting in Sind. 

In 1844 it was described by Lieutenant Maclagan 
as having a total length of 48 miles, with a fall of 
35 feet. The head was on a side channel, at a dis¬ 
tance of nearly 7 miles from the Indus. For the 
first 23 miles it passed through a country covered 
with jungle, but presenting frequent traces of former 
cultivation. It then entered a district where much 
water was taken by means of Persian wheels, and 
towards the end of the forty-eighth mile it became a 
mere ditch. In 1851, General Jacob, Political Super¬ 
intendent of the Upper Sind frontier, represented to 
the Commissioner (Sir Bartle Frere) the great ad¬ 
vantage of enlarging the Begari. It was then be¬ 
coming yearly smaller, from the defective system of 
clearing. At the head it was 24 feet wide, with a 
depth of 9 feet. It was proposed to enlarge it to 40 
feet, with a depth of 11, and to slope the banks to 
a proper gradient. The Nurwah was the chief ofl- 
shot of the Begari, and had been carried far into the 
desert north of Khangarh. General Jacob in 1852 
proposed that the Nurwah should also be cleared 
and enlarged. He entrusted the work to a native 
oontraotor who had to remove enormous heaps of 
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. earth, 25 to 80 feet high, to cut away jungle, and to 
clear dams out of the bed. The contractor did his 
work well, though only a common Sindhi maistri, 
and completed it in 1854. The capacity of the Begari 
was about doubled by the new excavations, and much 
wheel irrigation was converted into natural flow with 
a sating^ each season of thirteen pounds for every 
wheel. Villages sprang up along the Nurwah, where 
a few years before people scarcely ventured to take 
their flocks from fear of Baluch plunderers. Jacobabad 
was founded in the midst of a barren treeless waste. 
The water of the Begari canal was brought to Jacob¬ 
abad, and the tail jwas extended thence to the Kelat 
boundary near Khyra Garhi. Now the former desert is 
a dense forest of babul and other trees, upwards of 60 
feet high, sheltering the houses and gardens of the 
inhabitants. Within a few miles the desert again ap¬ 
pears, skirting the Baluchistan hills. It is a level plain 
of splendid, fertile, alluvial soil, but hard, naked, and 
barren like a threshing-floor, without shrub, herb, or 

grass, except in the vicinity of the canals. 

• 

iJastern Naara, 

On the eastern side of the Indus, between that river 
and the desert, there is an ancient channel, the Eastern 
Nara, which had ceased to flow as part of the Indus 
since, that river, deserting the passage through the 
rocks at Alor, took to its present channel between 
iBclvt Sakhar. The Eastern Nara had no direct 
communication with the Indus when Sir Wflliam 
J^ker came>>'St^ in 1842, but received a precariods 
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supply of water from a remarkable depression ‘wbicb. 
runs parallel witb the Indus from above Bhawalpur, 
and, being lower than its flood height, receives some 
water from canals, and a more considerable volume by 
direct overflow. The channel of the Eastern Nara 
being also lower than that of the Indus, can easily be 
filled from the great river on a higher level, and "Sir 
William Baker pointed out the rock at Rohri as offer¬ 
ing a site for the headworks. Hitherto the overflow 
of the Indus, in floods, had formed the Nara supply. 
In 1826 Sir A. Bumes mentions that the Nara, which 
in its lower course is called the Puraun, was filled by 
a flood which cut through the Allah bund, and reached 
Lakapat. In 1843 Sir W. Baker saw marks of a flood 
that rose 18 feet, and in 1843 there were only 4 feet 
in the same place. 

The cut from the Indus at Rohri to the Nara is 11 
miles long, and the Nara is 20 feet below the river. 
Sir Bartle Frere strongly recommended the cut being 
made, and work was commenced in 1853; bunds 
were thrown across the channel at intervals, to lead 
off the water for irrigation. In 1854 the cut was in full 
progress, beginning just above Rohri; it was 16 feet 
deep, 206 feet wide, with a berm, 15 feet wide on each 
side, , The excavated earth was distributed in tw6 terr 
races on either bank, forming admirable garden 
ground. The Rohri cut or supply-channel wa* oom^ 
plated and opened on the 9th of May 1859. Bunds were 
also constructed across the Nara channel to prevent 
the escape of water into the large dunds among the 
sandhills. 
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Two canals branching from the Eastern Kara have 
also been constructed. The firsts called the Mitrow 
canal, was commenced in March 1859. It was to be 
filled by a branch from the Nara, and in 1866 there 
were 190 miles open; thesie irrigate 156,803 acres. 
The second, called the Thar canal, is another branch 
from the Jfara, intended to water lands at the edge of 
the desert. It was commenced in 1864, and is now 
completed; it irrigates about 38,000 acres; 50 masonry 
heads for minor channels were constructed during 
1871-72. 

Fuleli Canal. 

The Fuleli canal is the main feeder for irrigation 
channels from Haidarabad southward and eastward. 
Originally it was a natural branch of the Indus, join¬ 
ing it again 16 miles below Haidarabad. This junction 
was closed by a dam, in the time of the Amirs, and the 
water was sent to feed the Gaja, Guni, and other 
canals to the south. The chief portion thus fell into 
the Guni, after a course of 40 miles, the average width 
being 350 feet. The improvement of the Fuleli was 
commenced in 1856. Two channels of supply were 
cut from the Indus, and the effect on the water-supply 
was very satisfactory. One of the most interesting 
services on which Sir William Baker was employed in 
Sind, was a survey and levels along the Guni to its 
Junction wifch the Puraun (the continuation of the 
Bastenn Jfara) and thence to the Allah bund, which he 

i i 

SUTOJod and levelled. The Amirs of Sind, after an 
inyasion of Kaoh, put off the supply from' 
iliie yuHeli Guni, which had fertilized one of its 
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provinces. After our occupation of Sind, the Govern¬ 
ment of Kach requested Sir Charles Napier to cut 
the bunds and let the water flow again. Sir Charles 
sent Baker to do this, who took the precaution to 
take levels first, and found that, owing to certain de¬ 
pressions and elevations caused by earthquakes, the 
cutting of the bunds would not restore the watei-’.to 
Kach, but, on the contrary, would let salt water flow 
back into Sind. 

The great administrative question, with reference to 
the Sind canals, has always been the system by which 
they were annually cleared of silt, an operation which 
is absolutely necessary. The old custom was for the 
Government to pay for the clearance of the large 
canals, and for the people to keep up the minor chan¬ 
nels, As in the case of the Punjab inundation canals, 
the Sind canal clearances were effected by “ cher,’* or 
statute labour. Every cultivator was forced to fur¬ 
nish a quota of labourers in proportion to the extent 
of his cultivation. The silt is sometimes removed in 
baskets, and sometimes by a board drawn by oxen, 
like a gigantic hoe, trailed along the ground. But 
usually the only implement is a hoe, with a long blade t 
and short handle. The labourer fills the blade by 
striking it into the soft soil, and by a jerk throws a 
shovelful upwards and behind. One man stands be¬ 
hind another and the soil is thus passed on. The 
canal-digging lasts from December to April. In 1856 
statute labour was abolished; the annual work of 
clearance became consequently very expensive, and 
insufficient funds were allowed for it.' 
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Sahhar and Bhahadad'pnr Canal, 

One perennial canal has been undertaken, from the 
rooky banks of the Indus above Sakhar to Shaha- 
dadpur, a distance of 63 miles. The line crosses the 
old Sind canal, where therd.is a regulating bridge of 
seven arches, each 10 feet span; the water is regu- 
laled by horizontal sleepers. The scheme for this 
canal was approved at the end of 1861, and com¬ 
menced that same year; it was opened in 1870. 

Oeneral Strachey, in 1867, recorded an opinion that 
the remedy for the inconveniences which were caused 
to cultivators by the uncertain water-supply of inunda¬ 
tion canals, never under proper control, was the substi¬ 
tution of perennial for inundation canals. He proposed 
to take two perennial canals from the Indus at Sakhar 
and Rohri to Sihwan on the west, and to Fuleli on 
the east side, crossing all the present canals, and using 
them as distributing channels. These proposals have 
never been carried out. It is much to be regretted 
that it is so. 
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CHAPTER V. 

BENGAL IBBIGATION WORKS. 

Rainfall.—Pi’ejudice against Irrigation.—Orissa Canals.—Midna- 
pore Canals.—Tidal Canal.—Sone Canals.—Sarun and Hoogly 
Schemes.—^I’rv/jiosed Extensions. 

The most modern of all the large irrigation systems of 
India, excepting the Sirhind canals in the Punjab, are 
the irrigation works in the province of Bengal. The 
statement on p. 64 gives statistics concerning them. 

The large rainfall in this province* as compared with 
that of other irrigated provinces, and the existence in 
some parts, notably in Behar, where the Sone canals 
are, of a well-matured system of irrigation from wells, 
“ahrahs** (surface-tanks), and from small “pynes” 
or inundation canals, has told heavily against the 
spread and success of irrigation works. In many 
parts of Bengal proper, that is in Eastern Bengal, 
there are no wells at all and there is no need for 
them. The rainfall is sc large and so certain that a 
failure of the crops has been unknown. In this pari 

aU water for drinking purposes is kept in tanks which 
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are excavated below the surface level. The tanks in 
Behar are made by low banks thrown across the 
smaller drainages. In Orissa the rainfall, though not 
so certain as in Eastern Bengal, is generally amply 
sufficient for the rice-crop, which is almost the only 
crop which is grown there; but an occasional total 
failure of the rains, which seems to occur every hun¬ 
dred years or so, brings, as it did in the famine year 
,of 18(50, total destruction to the crops, and ruin and 
death to the [)eople. The irrigation in Orissa has 
spread more slowly than in Behar, chietiy on account 
of the greater amount and greater certainty of the 
rainfall, but the greater advance made by the Sono 
works in Behar is pi'obably largely tine to the very 
large acreuge, about one-half of the total area, which 
is cultivated in the cold season wiili “ rubbee ” 
crops; this crop can never be matured without irri¬ 
gation of some kind, whereas the rice-crop can be, 
and generally is, entirely matured by the rainfall. 
Although artificial irrigation increases the out-turn of 
rice-fields in ordinary years, and is essential to the very 
existence of the crop in bad years, the cultivators of 
Bengal, and more particularly of Orissa, have hitherto, 
as a body, declined to use the water to any large extent. 
This prejudice is, however, being slowly, but with 
certainty, overcome. The areas of rice-lands leased in 
Orissa and Midnapore are increasing largely, and al¬ 
though (Appendix 0.) the interest and working ex¬ 
penses of the Bengal irrigation works exceeded, up 
to the end of 1877-78, the receipts by more than 
millions sterling, it is yet possible that, bearing in 

5 
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mind the length of time which nearly aU irrigation 
works have taken to develop, these works may yet 
prove remunerative. Up to the end of 1877-78 they 
had never paid their actual working expenses inde¬ 
pendent of interest, but the chief engineer* reports 
that in 1S78-79 they did succeed in doing so. 

r. 

The Orismi Midnap ore, and Tidal Ganals, 

The first suggestion which led to the construction 
of these canals emanated from Colonel (now Sir 
Arthur) Cotton,f who was deputed, in 1858, to exa¬ 
mine the district and to report on the river Maha- 
nuddee. His opinion was that the correct remedy for 
the alternate droughts and floods, which occasionally 
threatened the destruction of the city of Cuttack, was 
a system of works which would completely regulate 
the waters of the province. The scheme included :— 

1 st. W eirs across the Mahanuddee, Brahminee, and 
Byturnee rivers. 

2nd. Irrigating channels, completed for navigation 
throughoxit the whole delta tract. 

3rd. Drainage channels. 

4th. Embankments to all the rivers. 

5th. A high-level canal for navigation to Calcutta, 
which would also irrigate extensively. 

The scheme included an aggregate length of 530 
miles of navigable canals, which in connectiqn with the 

• Note by Colonel Haig, B.E., Chief Engineer Bengal Irriga¬ 
tion Branch, 6tli March 1877. 

t Accounts of tlie Individual Productive Works in India f<H^ 
tile year 1876-77, 
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irrigation channels were intended to irrigate 2J mil¬ 
lions of acres. 

In July 1858 the Madras Irrigation and Canal 
Company, which had been shortly before established, 
expressed to the Secretary. Of State their readiness to 
carry out the works recommended by Sir A. Cotton, 
if interest on the capital were guaranteed by the 
Government. Tliis offer was declined in 1860, and 
'the company then offered to take up the scheme with¬ 
out a guarantee. A separate company—the Bast 
Indian Irrigation and Canal Company—was subse¬ 
quently formed and incorporated by Act of Parliament 
in 1861. A contract between the Secretary of State 
and the company regarding the Orissa project was 
signed by the Governor-General in Council on the IGth 
of June 1862. The main provisions of this contract 
were, that Government was to give all land required for 
the works free of charge; that the company was to 
construct the works on designs approved by Govern¬ 
ment, and on completion of the works to distribute the 
water; while the Government was to collect the wfiter- 
rates and pay them over, less cost of collection, to 
the company. Colonel (now General) Rundall was 
allowed by the Government to undertake the chief- 
engineership of the company, and under his orders a 
scheme similar to that of Sir Arthur Cotton was 
elaborated at an estimated cost of two million pounds. 

The works contemplated were:— 

1st. Dams and embankments to regulate and con¬ 
trol the Mahanuddee at its debouch from the 
hills into the delta* 

6 • 
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2n(1. Canals for irrigation and navigation in the 
deltas of the Mahanuddee, Brahminee, and 
Byturnee. 

3rd. Canals for irrigation and navigation from the 
Cossye, below the town of Midnapore, into the 
Hooghly. 

’ 4th. A high-level navigable canal from the Maha- 
naddee to the Midnapore canals, which would 
also supply irrigation to some extent. 

5th. A second navigable line parallel to and near 
the coast connecting the high-level with the 
Roopnarain river near its junction with the 
Hooghly. 

6th. A navigable canal about 135 miles in length, 
from a point 36 miles above Sumbhulpoor along 
the river Mahanuddee, to give permanent navi¬ 
gable communication from the country above 
Sumbhulpoor to the seaboard. 

7th. Reservoirs on the feeders of the Mahanuddee, 
with the view of regulating the floods. 

This scheme would have secured navigable commu¬ 
nication between Granjam* and Calcutta, in addition 
to connecting Cuttack with the harbour at False 
Point. 

The directors of the company sanctioned only a 
portion of this scheme. The portion sanctioned was 
estimated to cost six hundred and ninety-five thou¬ 
sand eight hundred and forty-eight poimds, including 
the Midnapore works and the tidal canal, and to irri¬ 
gate 605*500 acres. It was assumed that 81 per 
c^ht. net profit would be obtained. 
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The works were commenced in November 1863, and 
water was available for irrigation at the end of 1865. 
The irrigation developed very slowly, and at the end 
of 1866-67 only 6,675 acres were actually irrigated, 
or only about 9 per cent, of the area for which 
water was available; in the following season only 
about 7 per cent, of the irrigable area was actuaHy 
irrigated. 

This position of affairs was far from satisfactory. 
As it soon became necessary to advance funds to the 
company to aid in carrying on the project, the G-overn- 
ment of India suggested to the Secretary of State 
that the works should be purchased from the company 
and completed by Government agency. This, after 
some delay in negotiations, was effected, and on the 
30th of November 1868 a formal deed was signed, in 
which the company agreed to surrender the works to 
Government on payment of one million forty thou¬ 
sand and fifty pounds. In addition to this, the re¬ 
payment of certain advances made in India was not 
demanded, and some interest charges were also made, 
so that the total cost to Government of the works 
thus handed over amounted to one million one hun¬ 
dred and seventy-two thousand eight hundred and 
fifty-six pounds. 

On the transfer of the work the scheme was again 
revised and re-estimated. The irrigable area was 
estimated at 1,607,000 acres, and the cost at two 
millions seven hundred and seventy-one thousand three 
hundred and ninety-seven pounds, on which a net 
annual return of 16 per cent, was expected. 



70 


THE IREIGATION WORKS OF INDIA 


The channels on which work had been commenced 
at the time of the transfer were— 

In Origsa . . . 238f miles in length. 

On the Tidal Canal . 27 do. 

In Midnapore . .54 do. 

As the continuity of the original scheme was broken 
by the high-level canal and the coast navigable lines 
not being completed, it was subsequently divided into 
the three sections mentioned above, which were, after 
the transfer, worked as separate projects. 

Orissa Ganals. 

Those canals were originally intended to irrigate 
1,147,000 acres, distributed as follows :— 



Acres. 

Pooree District 

Cuttack „ ... 

Balasore „ ... 

. 250,000 
. 644,OQO 
. 253,000 

Total 

. 1,14?',000 


But the original proposals were so pared and cut 
down that the system of canals became only a small 
fraction of the original scheme. The area which it is 
now intended to irrigate is in the Cuttack district 
only, and amounts to only 183,000 acres, the esti¬ 
mated cost of which is two million five hundred and 
thirty-one thousand eight hundred and twenty pounds, 
including all book charges. 
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The system comprises the following works:— 

Miles. 

Kendrapara Canal . . . .55 

Navigable branch of Kendrapara Canal towards 
Chandballee ..... 15^' 

Pattamoondee branch ... . .48 

Taldunda Canal. . ' . . .27 

Matchgong Canal . . . . 19 ^ 

High-level Canal from Cuttack to Bhuddruck 
on the Salundee .... 63| 

Of these, the Kendrapara and its branch towards 
Chandballee, the Taldunda, and the High-level, ag¬ 
gregating 160f miles in length, are navigable. The 
area protected from inundation is estimated at 
249,000 acres. 

The Mahanuddee, from which the Orissa canals 
draw their supply, bifurcates shortly after leaving the 
hills, the right branch taking the name of the Kat- 
jooree, and the left branch retaining the name of the 
Mahanuddee. Immediately opposite Cuttack, about 
three miles below the bifurcation, the Mahanuddee 
throws off a small branch on its left bank, called the 
Biropa. Cuttack is the head of the delta, and it is 
at this point that the head works of the canals are 
situated. These head works are rather complicated,* 
from the necessity which existed of regulating the 
discharge of the Mahanuddee down the two main 
branches. 

There ape three distinct weirs. One, across the 

• Lectoret by General P. H. Bundall, O.S.I., E.E., delivered at 
Ohatbam 1875. 
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Katjooree at the point were the river bifurcates, is 
1,200 yards long, and 12 feet high above the bed of ^ 
the river. 18 feet of water flows over the crest of 
this weir in high flood. The second weir is across 
the Mahanuddee itself, opposite Cuttack; it is 1^ miles 
long and 12 feet high above the bed of the river. The 
rb^-er rises 21 feet. The third weir is across the Bi- 
ropa; it is 660 yards long and 9 feet above the bed 
of the river. The fir si weir is simply a regulating 
one, but is fitted with a small set of sluices for the 
purpose of supplying water to the city of Cuttack. 
The Taldunda canal, 27 miles in length, takes off from 
above the second or Mahanuddee weir, on the right 
bank of the river; this canal runs along the bank of 
the Mahanuddee and rejoins it at Taldunda. From the 
pool above the Biropa weir canals take off on both 
banks; that on the right bank, the Kendrapara canal, 
55 miles in length, follows the left bank of the Maha- 
nuddeo for some distance; it then runs along the high 
bank of another branch of the river. That on the 
left bank, the High-level canal, leaves the river at 
once, and flowing close by the foot of the hills, falls 
into the Brahminee river, after a course of 63-|- miles. 
The Matchgcng navigable canal is a branch of the 
Taldunda; the Pattatnoondee and Chandballee navi¬ 
gable canals are branches from the Kendrapara canal. 

The ipain canals, having been constructed in the 
first instance by the East India Irrigation Company to 
irrigate an area of about 1,147,000 acres, are part 
of a much more extensive scheme than has been ac- 
‘tuallj carried out,; the cost of the works is> tl^erefore, 
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much greater than it would have been had they been 
designed only for the small area jiow irrigable. The 
Government persistently refuse to allow any exten¬ 
sion of distributaries, which would bring a much larger 
area under command, until there are signs of increased 
demands for water on tho part of the cultivators. 

But the system is capable of great extension shoiUd 
the prospects of irrigation brighten in Orissa,* for the 
canals actually constructed command an area be¬ 
tween two and three times that now irrigable. No 
distributaries have been provided for some of them 
in the sanctioned estimates. Another 464,000 acres 
might be irrigated in the Cuttack district by one or 
two short extensions of existing canals, and the con¬ 
struction of distributaries; 150,000 acres more in 
Balasore by the extension of the present high-level 
canal beyond Bhuddruck, where it now terminates; 
and 250,000 acres more by the construction of canals 
in the Pooree district. The head works for all these 
canals have long been finished, and there is an ample 
supply of water in the rivers in all seasons. Thus the 
present irrigable area of 183,000 acres might be in¬ 
creased to 736,000 acres, at an increased outlay of 
about one million six hundred and eight thousand four 
hundred pounds. 

Midnapore GanaL 

The second section, into which the works of the 
East India Irrigation Company were divided, was the 

* Note ,on Irrigation and Communications in Bengal, by Colonel 
F, T. Haig, B.H., Calcutta, 30th December 1878. 
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Midnapore canal. This canal draws its supply from 
the river Cossye. The basin of this river* is so small 
that the supply of water in the canal practically varies 
with the rainfall of the district commanded by the 
canal itself. The works were commenced by the com¬ 
pany in ignorance of the rhal supply available from 
th^ river. Distributaries have actually been con¬ 
structed for an area of 140,000 acres, and in seasons of 
average rainfall there is little doubt that the supply 
would be sufficient to ii’rigate that area; but in years 
of extreme drought, as in 1873, the quantity of water 
in the river would only be sufficient for 40,000 or, at 
most, 60,000 acres. Thus, in Midnapore, irrigation is 
little wanted in years of heavy rainfall when a large 
supply is available; and in years of extreme drought, 
when it is of the utmost value, the water-supply fails. 

The Midnapore canal is divided into four lengths. 
The first length takes off the Cossye river above the 
weir which is built across it at Midnapore; this length 
falls into the river again at Panchkoorah, in the 
twenty-fifth mile, where a second weir is built across 
the river. The canal crosses the Cossye at this point, 
and the second length takes off from the other bank. 
At the thirty-sixth mile the canal tails into the Roop- 
narain river. Five miles from the tail-lock the canal 
leaves the Roopnarain again on the opposite bank. 
The third length, commencing from this point, takes 


* by Ool<^nel P. T. Raig, E.E., Chief Engmeer Bengal 
Iniga^tion Branch, on the Canal Eevenuea of Bengal, 6th March 


im. 
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the canal by a cut 4 miles long to the Damoodah 
river. The fourth length connects the Damoodah 
with the Hooghly at Oolooberia. From Oolooberia to 
Calcutta by the Hooghly river is 17 miles. 

The Midnapore canal thus forms a navigable con¬ 
nection between Midnapore and Calcutta. The canal 
crosses three rivers in its course. Of these, tj^e 
Roopnarain and the Damoodah are occasionally diffi¬ 
cult to navigate. 


Tidal Canal, 

This work is one for navigation only; it is in two 
lengths, one of 11 miles from the Hooghly to the 
Huldee, the other 18 miles from the Huldeo to the 
Russoolpore river. 


The Sone Canals, 

The history of these canals is, in some respects, 
similar to the history of those in Orissa. The works 
were in the first instance taken up by the East Indian 
Irrigation Company and given over by them to the 
Government; but hardly any actual work was done 
by the company, who only expended fourteen thousand 
pounds on the scheme. 

The country irrigable by this system of canals lies 
to the south of the Ganges, near the confluence of that 
river and the Sone; it comprises portions of the dis¬ 
trict of Shahabad, on the west of the Sone, and Gya 
and Patna on the east. The scheme was originally 
proposed by Lieutenant (now Major-General) 0. 
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Dickens* to the Grovernment of Bengal in January 
1853. His first idea was to irrigate, the Shahabad dis¬ 
trict from storage reservoirs in the hills lying to the 
south of Shahabad, but it was soon found that the sup¬ 
ply of water in the Sone river was amply sufficient 
to irrigate an area of at ICast 800,000 acres ; con¬ 
sequently a scheme, to utilise the waters of the river, 
was projected by Colonel Dickens, who submitted the 
details to the Government in 1861. This scheme 
comprised 484J miles of irrigating canals which were 
also navigable, 145 miles of canals for navigation only, 
and 217^ miles of main canals not available for navi¬ 
gation. Of these, 347f miles were on the east of the 
Sone in the Patna and Gya districts, the remainder 
(499 miles) being in the district of Shahabad. These 
works were estimated to cost two million six hundred 
and eighty-eight thousand one hundred and twenty 
pounds, on which a net profit of 8f per cent, was 
predicted. 

In September 1861 the project was forwarded to 
the Secretary of State. In May 1862 the Secretary 
of State intimated his approval of the measure, and 

an offer was made by the East India Irrigation Com- 

> 

pany to undertake the works. 

After some correspondence regarding the conditions 
of the agreement, and the scope of the project, a general 
sketch of the works contemplated, as proposed by Sir 
A. Cotton ^nd Colonel Rundall, was forwarded on the 


* Acoounte of Individual Productive Public Works in India for 
the year 1876*77, * 
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6th of April 1864, for the approval of the Govern¬ 
ment of India. The main features of this project 
were as follows :— 

1st. A weir and head work on the Sone about 25 
miles north of Ehotas, whence canals were to be led 
off to the west and east. 

2nd, A Main Western canal to pass near Sasser^Em 
and Chunar, and thence in a direction parallel with 
“ ' the Ganges river to Allahabad, where an aqueduct 
across the Jumna would connect it with the Ganges 
canal system; also branches from this canal for the 
irrigation of the tract between it and the Ganges, some 
of which would also be navigable. 

3rd. A Main Eastern canal to pass near Gya to 
Monghyr, thence along the Ganges to Rajmahal and 
the Bhagiruttee, which was to be crossed near its 
head; thence turning southward and passing near 
Kishnaghur, it was to terminate in the Hooghly at or 
near Calcutta. Connection with a proposed canal 
system in Oudh was to be effected by an aqueduct 
across the Ganges at Monghyr or Colgong. Irrigation 
was provided for the tract between the Sone and 
Monghyr by branches to the northward, and on the 
line from Kajmahal to Calcutta it was also considered 
that a considerable area would be irrigated. 

4th. Eeservoirs in the hills south of Eajmahal were 
also contemplated to supplement the water available 
from the Sone. 

The Tonse, the Kurrumnassa, and other rivers 
crossing the canals would, it was expected, also aid in 
the supply of water. 
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This scheme was considered by Government to be 
far too extensive; a lengthy correspondence ensued, 
which terminated in the acceptance by the company 
of the condition originally prescribed by Government 
that the scope of the project should not exceed the 
limits of Colonf3l Dickens’ scheme, and an agreement 
was signed on the 10th of August 1864, generally 
similar in its provisions to that executed for Orissa, 
in which the limits of the project to be carried out 
were stated to be Chunar on the west and Patna on 
the east. 

As the company failed to raise the necessary capital, 
under the conditions of the contract, they applied to 
Government in February 1867 for a guarantee of 5 per 
cent, on the outlay. This was refused, and the nego¬ 
tiations with the company finally terminated in their 
transferring the undertaking to the Government, with 
all plans and information collected by their officers. 
The sum expended by them (fourteen thousand pounds) 
in preliminary operations was reimbursed. The deed 
effecting the transfer bears date the 21st of December 
1868. 

The scheme, as undertaken by the Government in 
1869 consisted of— 

1st. A weir and headworks, same as proposed in 
1864. 

2nd. Two main canals, one on the western side of 
the river to join the Ganges at Chunar, and 
one on the eastern side to join the Ganges at 
Barrh. 

•' k 

On the western side, two branch navigable 
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canals, one to Arrah and the other to Buxar; 
on the eastern side, navigable branches to Patna 
and Barrh. 

4th. Distributaries aggregating 928 miles in length. 

This scheme was estimated to cost three million 
seven hundred and seventy-five tliousand pounds; 
the area commanded was 2,011,000 acres, of which 
1,200,000 were on the western side, and 1,411,000 on 
the eastern. The navigable canals aggregated 535 
miles, as follows :— 


Main Western Canal 


Miles. 

. 126 

Arrah Branch . 

• 

. 70 

Buxar Branch . 

• 

. 60 

Main Eastern Canal 

• 

. 170 

Patna Branch . 

• 

. 84 

Barrh Branch . 


. 36 

Total . 

• 

. 636 


It was estimated that one-half of the total area 
commanded, that is 1,305,500 acres, would be rice- 
land, and it was assumed that one cubic foot of water 
per second would irrigate 133 acres of rice ; hence^ 
the Eastern Main canal was designed to carry 5,304 
cubic feet per second, and the Western Main canal 
4,611 cubic feet per second. On the assumption that 
220 acres of cold-weather crop could be irrigated 
with 1 cubic foot of water per second, it was esti¬ 
mated that out of the 1,305,500 acres of cold-weather 
crop which were irrigable, 880,000 acres could be 
irrigated by the cold-weather discharge of the Sone 
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wbioli is about 4,000 cubic feet per second. It bas 
since been proved that 1 cubic foot of water per 
second cannot be expected to irrigate more than 
80 acres of rice-land and 180 acres of cold-weather 
crop. 

The scheme, commenced in 1869, was estimated 

m 

tcf give a net profit of 12f per cent, on the out¬ 
lay. This scheme was approved by the Grovernment 
of India in March 1871, and confirmed by the 
Secretary of State in the following July. The 
works wore actually and energetically commenced in 
1869. 

It was decided in 1871 to restrict the scope of the 
canal; for it was foun l that the supply of water in the 
river was not sufiicient to irrigate more than 480,000 
acres of cold-weather crop, and as it was considered 
advisable and economical that the area of the summer 
and winter crops which were irrigated should bo 
about equal. For other reasons also it was decided 
to limit the canals within the area bounded on the 
east by the Poonpoon river, and on the west by the 
Koodra nullah. This system is now nearly completed, 
and about two-thirds of the total estimate has been 
expended. 

The weir across the Sone, which is the headwork 
of this system of canals, is situated at Dehree about 
25 miles below the point where the river leaves the 
Kymore range of hills; it is the longest weir in one 
unbroken length of masonry which has ever been 
built. It is 2J miles in length and 8 feet high; the 
ri%&t in flood rises 8^ feet over the crest of the wei? 
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and discharges about 750,000* cubic feet per second. 
General Dickens estimated the flood discharge at 
1,026,0001 cubic feet per second, but his estimate was 
too great. The catchment basin of the Sone is about 
23,000 square miles. The. river runs for 325 miles 
through the hilly parts of Central India, until it 
reaches the plains at Rhotas; from that place,it ha'fe 
a course of about 100 miles through an almost deltaic 
country, which is the area commanded by the Sone 
canals. For about 40 miles below the weir the floods 
of the river do not overtop the banks, but below that 
considerable spills take place and flood the district. 
Up to about the point where these spills commence 
the canals follow either bank of the river pretty 
closely, but at that point they leave the bank and 
follow high ridges of the country down to the 
Ganges. 

The following table gives the lengths of main navi¬ 
gable canals :— 


Main Western Canal 

• 

Miles. 

• 21| 

Arrah Branch 

a 

. 65 

Buxar Branch . 

• 

. 45 

Main Eastern Canal 


7 

Patna Branch . 

• 

. 79 

Total • 

• 

III 


• Report by Major J. G^. Forbes, R JJ., on the flood in the river 
Sone on the 7th July 1676. 

t Report on the Sbne Caiinl Froject by Mr. H. 0. Levinge, dated 
the 31st December 1870. 


0 
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The Main Western canal takes off from above the 
weir on the west bank of the river;,it is navigable 
without looks to Sasseram. This canal crosses the 
Kao river by a large syphon aqueduct in the ninth 
mile, it also crosses two smaller drainages, one in the 
seventeenth and one in the twenty-first mile. 

* The Ai’rah canal leaves the Main Western at the 
fifth milestone. It follows the bank of the Sone river 
for the first 33 miles; it then leaves the bank of the 
Sone, passes close by the large town of Arrah, and 
drops into the Gungee nullah which communicates 
with the Ganges. There are thirteen locks on the 
canal, with an aggregate fall of 161 feet. It was 
hoped that the Gungee nullah could have been made 
navigable throughout the whole year, but it has been 
found impossible to keep the nullah clear of silt at any 
reasonable cost. The Arrah canal is therefore in navi¬ 
gable connection with the Ganges for only about six 
months in the year. 

^ The Buxar canal leaves the Main Western canal at 
the twelfth milestone, it has almost a straight course 
from that point, to the Ganges at Buxar. There are 
twelve locks on the canal with an aggregate faU of 
1631 feet; at the twenty-ninth mile tlm canal is 
carried across the Thora nullah by an aqueduct 
having four arches at* 30 feet span. The canal falls 
intp the Ganges a little above the fort at Buxar 
where the bank of the river affords excellent founda¬ 
tion, and where there is no fear that any banks or 
shoals will interfere with navigation, 

.The Main Eastern canal takes off from above the 
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Soue weir on the east bank of the river. It is only 
7 miles in length without any locks; it stops at the 
Poonpoon nullah over which, in the schemes of 1861 
and 1864, it had been intended to carry it by a 
large aqueduct. 

The Patna canal leaves the Pastern Main Canal aj) 
the fourth milestone. It follows the bank of the 

t, 

river for 60 miles; it then leaves the river and fol¬ 
lows a ridge which was probably at one time the 
bank of the Sone, until it runs into the Granges close 
to Patna. 

In addition to the above main canals there will be 
about 900 miles of distributaries connected with this 
system. The full summer supply to be carried by 
the canals is now taken to be 5,171 cubic feet per 
second, and a minimum of 3,500 cubic feet is reck¬ 
oned upon up to the end of March. The supply 
during May and June falls to about 500 cubic feet 
per second in a very dry year. The total irrigable 
area is about 1,100,000 acres. The total area com-' 
manded by the canals, that is the area between the 
Poonpoon on the east and the Koodra on the west, 
is estimated to be 2,934 square miles. Assuming 
that 500 acres per square mile are cultivated, which 
in this highly cultivated and thickly populated district 
is probably true, the area irrigable will be about 70 
per cent, of that commanded. 

The scheme as sketched out above was estimated 
in 1875 as loUows :— 


6 
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£ 


1. Headworks on the Sone . 

. 240,291 

Western Series; 

2. Main Canal 

• • 

. 268,439 

3. Axrah Canal 

» • 

. 510,012 

4- Buxar 

• 

t 

• • 

. 386,433 

Eastern Series: 

5. Main Canal 

• • 

34,167 

6. Patna Canal 

• • 

. 493,238 

Total Works 

. 1,930,580 


Maintenance previous to admission of 
water . . 

Establisliment 
Tools and plant 


35,901 

495,523 

248,357 


Total Cash Outlay 


2,710,361 


Indirect chaises: 

Interest on outlay during £ 
construction , . 296,723 

Provision for leave and pen¬ 
sion allowances . . 123,881 

Capitalization of abatement 
of land revenue on land 
occupied , , . 16,080 

- 486,684 


Grand total . . £ 3,147,045 


This estimate included the cost of a field supyey of 
the whole area irrigable. 

The profits of the system of canals as they now are 
wa^ estimated in 1875 as follows;— 
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Bnpees. 

413,680 acres of summer crop at Bs. 3 an acre* 12,41,040 
630,000 acres winter crop at Es. 3 per acre . 18,90,000 
327,000 acres single waterings at Ans. 8 per 
acre 1,63,600 

Miscellaneous income .... 20,000 

Navigation tolls , . *. . . 1,08,760 


Gross Income . . 34,23,290 ^ 

Deduct: • 

Maintenance on 1,043,680 acres at Ans. 12 per 
acre ...... 7,82,760 


Net Income . . 26,40,630 


Thus giving a return of 8-3 per cent, on the outlay. 

These canals have been barely opened five years, 
and it would be premature as yet, in the undeveloped 
state of the works, to speculate as to whether this 
profit of 8*3 per cent, is likely to be realised. Up to 
1877-78 these canals did not pay their working ex¬ 
penses, but they did do so in the following year. 
In a forecast prepared by Colonel (now General) 
F. T. Haig, R.E., the late Chief Engineer of Bengal, 
it is estimated that the Sone canals may be reasonably 
expected to pay both the interest on the capital ex¬ 
pended and their working expenses, in the year 1887, 
and that after that a profit over and above the 4^ 
per cent, interest on capital may be expected. 


Sarun and Hooghly Schemes* 

These two small irrigation schemes, which are esti¬ 
mated to cost only sixty thousand and fifty thousand 
pounds each respectively, have only lately been com¬ 
menced. The Sarun scheme will, by means of some short 
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cuts from the Gunduck river, throw a small quantity 
of water info some old channels which intersect the 
district. The distribution of the water from these 
channels will be undertaken by the planters and land¬ 
holders who have guaranteed the interest on the 
capital. The area ■ commanded by the Sarun scheme 
^will he about 100,000 acres only; that commanded by 
the Hooghly scheme is 70,000 acres. 

The irrigation works in Bengal* at present sanctioned 
command the following areas: 

“ " Acres. 


Orissa Canals . . . 183,000 

Midnapore Canals . . . 50,000 

Sone Canals .... 1,100,000 
Sarun Scheme . . 100,000 

Hooghly Scheme . . . 70,000 


1,503,000 

. .. . '"P " 

It may almost be said that these works are already 
constructed, for they are nearly complete, with the 
exception of minor channels, which must, in any case, 
take years to complete. 

lu the paper* quoted in the foot-note Colonel Haig 
stated that, 

Acres. 

The total area of Ben^l, including Behar an,d - 

Orissa, which is under food-crops, is ahout . ' 48*034^00 

In the Bastern Districts of Bengal there is an 
area which is always secure against drought of 13,634,000 

So that tha area which is hable to drought is 
about ...... 35,000,000 

^ Hote on Inij^tion and Commimications in Bengal, by Colonel 
1^. T. Haig, BtB. Dsdeutta, 30th December 18S%. 
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Colonel Haig then discussed how much of this area it 
would be advisable to protect by extensions of the 
present works or by the construction of new ones; he 
arrived at the conclusion that if 3,000,000 acres were 
irrigable from canals in the province, in addition to the 
area already protected by wells and streams, that Bengal 
could produce suflScient food to protect herself froiji 
fear of any repetition of the scarcity of 1873-/4. 
Colonel Haig proposed to obtain this irrigable area 
by making the extensions of the Orissa works which 
have been mentioned as possible in the above account 
of those works, by a trifling extension of the Main 
Western canal of the Sone system, and by the con¬ 
struction of a large system of canals in the districts 
of Tirhoot, Sarun, and Chumparun in North Behar. 
This last scheme is one which was surveyed and 
worked out by Major (now Colonel) Jeffreys, E.B., 
in 1870. 

These proposed extensions of irrigation in Bengal 
would then command the following areas:— 


Orissa Canals 

• 

Acres. 

. 736,000 

Midnapore Canals . 

• 

50,000 

Sone Canals . 


. 1,230,000 

Sarun Scheme 

• 

. 100,000 

Hooghijr Scheme 

• 

70,000 

North l^har Scheme. 

« 

. 1,100,000 

Total 

• 

. 3,286,000 


In addition to these, several navigable canals were re¬ 
commended to facilitate intercommunication. 
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CHAPTEK VI. 

THE lEEIGATlON WOEKS OF THE NOETH-WEST PEOVINCES. 

The Jumna and Q-anges.—Eainfall.—^Eastern Jumna Canal.— 
Ganges Canal.—Agra Canal.—Dun Canals.—Bijnor Canals. 
—Eohilkhund Canals.—^Bundelkhund Canals.—Lower Ganges 
Canal.—Eastern Ganges Canal. 

The North-West Provinces (including Oudh) have 
an area of about 55,000 square miles*; of these 
25,500 square miles may be said to be protected by 
works of irrigation. 20,000 square miles of the 
Ganges-Jumna Doab are protected by the Eastern 
Jumna and Ganges canals, 3,000 square miles by the 
Agra canal, and 2,500 square' miles by the other 
works. These areas are not, of course, entirely and 
completely irrigated, but they are protected from the 
fear of famine by the irrigation works which com- 
mand a portion of the areas named. 

The laxge irrigation works of this province draw 


* Benew of the Progress of Irrigation Schemes by Colonel 
F. H. Bnndall, B.I., page 436 of the Beport of the Select Ooin^' 
Ii4ttee of India Fublie Works, 1878. 
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their supply from the two great rivers, the Jumna and 
the Ganges, which flow through it. These rivers, after 
traversing the Himalayas along a course of 110 and 
165 miles respectively, open out upon the valley of 
Deyrah.* At the points where they leave the great 
Himalayan chain, they are separated (measuring from 
the Jumna at Kuttur Puttur to the Ganges at Bike- 
khes) by a distance of 38 miles; the Ganges forming 
the eastern and the Jumna the western boundary of 
the valley. In their onward progress these two great 
rivers force a passage through the Sewaliks, a range 
of tertiary hills that separate the valley from the 
plains of India. The debouch of the Ganges upon 
these plains takes place at the town of Hurdwar, 
that of the Jumna is just below the valley of Kulesur 
on the right, and the Kharra head of £>n old branch 
on £he left, of the river. 

Down to Hurdwar the Ganges, after leaving the 
main chain of the Himalayas, leads off the drainage 
of the eastern slope of the Deyra valley by the chan¬ 
nels of two streams, the Song and Soozwa; the 
drainage of the western slopes being carried through 
various channels of a subordinate character. The 
Jumna river, in its passage from the Himalayas, drains 
a considerable area of the western slope of the Deyra 
valley; this drainage is carried to the Jumna by the 
Asun river. The Jumna drains also, on its right bank, 
very extensive tracts of mountain and valley by means 

__ !r 


* A Disquisition on the Heads of the Ganges and Jumna Canals, 
by Sir Proby T. Cautley, £.0.B. 
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of the ToDse and G-iiri. These two streams rise in the 
Sirmoor country. They are perennial in their supply, 
bringing down, in the rains, large volumes of water, 
and in the dry months also they maintain a consider¬ 
able discharge. 

At the town of Hurdwal*, and at the Kharra head 
where the Ganges and Jumna leave the mountains 
and issue into the plains, the dry-weather discharge 
of these rivers may be estimated at about 8,000 and 
4,000 cubic feet per second respectively. The slope 
of the beds of the rivers down to these points is very 
great. The beds are largely composed of rocks and 
boulders. In the latter part of their course, after 
having left the great mountains, the rivers appear in 
lengths of open stream and heavy rapid alternately. 
Some of these rapids are of the most formidable cha¬ 
racter, one on the Jumna, in its passage through the 
Sewaliks, called the Dhobra rapid, flows with great 
force upon a huge and lofty cliff of sandstone on the 
left of the river, and has been the grave of many a 
raft and many a raftsman. During the rainy months, 
these alternate reaches and rapids are converted into 
a continuous mass of rolling water, the rapids being 
engulfed, and the whole river having the appearance 
of an overwhelming cataract. The water during the 
dry, months, and when undisturbed by floods, is as 
dear as crystal, and the boulder-bed over which it 
passes is visible at great depths. The boulders and 
shingles gradually disappear from the beds of the 
rivers at ei> point from 12 to 16 miles below their 
debpuoh from the Sewaliks. Irom this point the rivers 
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proceed onwards, through a trough or k*hadir, on a 
much reduced slope over a bed of coarse quartz or 
sand mingled with mica, the latter ingredient being 
less abundant as the river advances. 

The Ganges and Jumna, where the canals issue 
from them, are perennial *in their supply, the Ganges 
having drained a vast tract of elevated mountain 
country by its two great branches (Bhageretti and 
Aluknunda), both of which have their origin in the 
snow. The Jumna also drains a considerable though 
smaller area. The fountain-head of the Ganges springs 
at the foot of that gorgeous mass of perpetual snow 
which forms so remarkable an object from the plains, 
well known as the Gungootri mountain. The Jumna 
rises from an equally well known and conspicuous 
mass of snow—the Jumnootri mountain, which is 
perhaps even more remarkable. 

The rainfall of the Upper Gangetic plains is given 
by the Meteorological Department as 38 inches, but 
the rainfall of the Ganges-Jumna Doab is only about 
30 inches. The chief crop grown is the cold-weather 
or rubbee crop.. The summer or khareef crop is of 
less importance, and bears a much smaller proportion 
to the cultivated area than in Bengal, Orissa, and 
Madras, where the khareef or rice-crop is the one on 
which the people chiefly rely. 

The statement found on the next page gives statistics 
concerning the irrigation works of the North-West 
Provinces. 
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Eastern Jumna Canals, 

The Eastern Jumna canals are said to have been 
first projected by Shah Jehan,* between 1628 and 
1659, and had been partially restored in 1764 by a 
chief named Zabitha Khan. The works were taken 
in hand by the British G-overnment in 1823, wheij 
Captain Robert Smith commenced their restorations*.f 
These canals irrigate the districts of Saharunpoor, 
MozufEurnugger and Meerut. The system consists of 
130 miles of canal and 618 of distributaries watering 
a tract about 120 miles long and 15 broad. Sir Proby 
Cautley joined Colonel Smith in 1825 in the execu¬ 
tion of the works, and the canals were opened in 1830 
under his superintendence. A portion of the canal 
was remodelled in 1854, in the part where it crosses 
from the Saharanpur into the Mozuffumugger district. 
A new line was made crossing the Shambi-nulla, an 
ajffluent of the Kindun, in several places; three cuts 
were also made for the escape of water. These 
effected the Katha, a tributary of the Jumna, and 
caused swamps to form in the valley of that stream. 
In 1872 Captain Harrison was deputed to report upon 
a remedy for these evils, which very injuriously 
affected the land and the health of its inhabitants. 
He projected a scheme to drain off the water which 
swamped a wide tract of country. 

The head of the canal is situated near Raipur, on 
the Jumna, a few miles below the point where the 
Jumna leaves the Sewalic hills. The head of the 

* “ Moral ajid Material Progress of India, 1872-73,” p. 62. 

t JWd., p, 68. 
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Eastern Jumna canal is about 8 miles below that of 
the Western Jumna canal, which irrigates the country 
lying to the west of the Jumna in the Punjab. 

The country at the foot of the Sewalic range, at 
which point the head of these*canals is situated, is crossed 
by many mountain toi*rents, which are intersected 
b^ these canals under circumstances of remarkable 
difficulty* The canal after passing down* the shingly 
bed of the Boodhee Jumna for the short distance of 
4 miles, enters on deep cutting, and takes a south¬ 
easterly direction, commencing at the village of Nya- 
shuhur; from thip point it plunges at once into all the 
difficulties peculiar to a line crossing mountain drain¬ 
age at right angles to its course. The Eaipoor, Ja- 
tonwala, Nogong, and Muskurra, four mountain 
tori’ents of greater or less dimensions, are passed 
within a distance of 10 miles from the Nyashtihur 
deep cutting. The Muskurra and the Nogong ate 
torrents of considerable magnitude, and are provided 
with masonry dams for the passage of floods during 
rains. After passing the Muskurra, the Eastern 
Jumna channel continues on the high land of the 
country, running nearly parallel with the Jumna at a 
distance varying from 4 to 8 miles from the rivOr. 
The canal passes near Saharunpore, and finally returns 
to the Jumna at Delhi* 

The mountain torrents with which the Eastern 
Jumna Canal has had to contend have now been en* 
tirely and satisfactorily controlled. The caiial runs 

♦ dwiai,*’ by Sir Proby Cautley, ehap. i, part U. 
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for some distance parallel to the range of moun¬ 
tains, the land having a fall to the eastward ; the 
torrents, which have their course generally at right 
angles to the line of the canal, have been to some 
extent diverted from their, original courses, a portion 
of their waters being turned to the eastward above 
the line of canal. By this means the quantity of 
water which has to be discharged across the canal has 
‘been reduced. The result of these arrangements* has 
been to reduce the Muskurra at its point of contact 
with the masonry dam at Kulsea to a comparatively 
inconsiderable volume. The Jatonwala drainage has 
on the same principle been turned into the Nogong 
river. At times, the violence of a Nogong flood has 
been relieved by allowing a portion of its volume to 
pass down the canal channel towards the Muskurra. 

The canal is one of the most remunerative in India. 
It paid nearly 23 per cent, in 1878 on the capital ex¬ 
pended upon it by the British Government. This 
capital, however, does not represent the full value of 
the works, although great alterations, re-alignments 
and improvements have been made, for the value of 
the old native works is not represented in the capital 
account. The cost of the works to the end of 1877-78 
was two hundred and sixty-one thousand two hundred 
and thirty-five pounds. 

Ganges Canal. 

The earliest canal of which any record is obtainable, 
in the district now commanded by the Ganges canal, 

- -- -------—.. . in 

* "The Ganges Chuoal,” by Sir Froby Caatley, chap, i part ii. 
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is that of Muhummud Aboo Khan, near Meerut; 
it is now only to be traced by its remains. It con¬ 
sisted* of a cut made from the WestKalli Nuddi, near 
the village of Rampoor, to the head of a small tribu- 
taiy of the East Kalli Nuddi, called the Khodara 
nulla, which rises near the village of Deorla. The 
lebgth of this cut did not exceed 12-J miles, and' its 
dimensions, judging from the existing hollow, could 
not have exceeded 15 feet in width. The water after 
reaching Deorla must hare passed down the Kodara 
nulla to the town of Meerut, in the neighbourhood of 
which there are many groves and gardens, and it is 
supposed that it was for the purpose of supplying 
water to these that the canal was originally projected. 
There is no tradition, however, of its existence as a 
running stream, although there is no reason to doubt 
that for a season, at least, it was so. The canal was 
evidently one of those which, from the circumstances 
affecting its supply, and from the total absence of 
all masonry- works, could not have been classed under 
the head of a permanent work for irrigation. The 
West Kalli Nuddi at the village of Rampooi;, although 
a perennial s’tream, is one of those lines of drainage 
which, during the periodical rains, is subject to very 
great floods. The river meanders through a valley of 
considerable extent, and during the dry months is 30 
feet below the level of the country, or below the level 
of the land over vrhich Muhummud Aboo Khan’s canal 
was carried.' The oanal was merely excavated to a. few 


* ^ ' i » I**' 

Goagea Panal#!’ by SkProby Oautiey, vd. ‘ 
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feofc in depth, and water was supplied from a lake, 
formed by throwing an embankracnt across the bed of 
the West Kalli nuddi. The flooding of the valley, by 
this retention or damming up of its waters, must 
have done extraordinary .damage to the properties 
within its limits; the amount of labour and money 
expended on an embankment, of proportions suffi¬ 
cient to gain the engineer’s object, must have been 
very great; and the necessity for an annual recon¬ 
struction of a work which was inevitably destroyed 
during the floods, and the certainty that water 
could only have reached the mouth of the canal 
during the dry months of the year, aie facts which 
reasonably lead us to conclude that no great benefit 
was ever derived from it by the cultivators on the high 
lands in its vicinity. 

The Ganges canal* waters a considerable portion of 
the tract between the Ganges and Jumna rivers. The 
idea of drawing water from the Gauges riv'^r origi¬ 
nated with Colonel Colvin, who, when transferring 
charge of the canals in Northern India to his successor 
Captain (afterwards Sir P. S.) Cant ley, in 1836, re¬ 
commended an investigation of tlio subject. This 
was carried out; but the results not being encouraging, 
nothing further was done until the great famine of 
1837-38 again drew attention to the matter, when 
orders were issued by Government to re-examine the 
question. 

.. . 'I . ■ . . - . .. —I II . .. . . .. .. . 


* AoQOUzits of ilu) Individual Productive Works in India for the 
year 1876-77. Calcutta, 1879. 
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The first proposals, in a practical shape, were made 
by Sir Proby (then Captain) Cautley in 1840, when 
he submitted a rough project on a small scale, 
which it was considered would prove remunera¬ 
tive. The main canal was- designed both for irriga¬ 
tion and navigation, the irrigable area being fixed at 
218,750 acres. The returns were estimated from 
results on the East and West Jumna canals at 10 per 
cent, on the outlay. This scheme was estimated to 
cost two hundred and fifty-nine thousand one hundred 
and fifteen pounds; the canal was designed to carry 
1,000 cubic feet per second, the length of the main 
line was 255 miles, and there was a branch from it 
of 73 miles in length. Tiie Governor-Gonoral con¬ 
sidered it advisable that this scheme should bo in¬ 
creased and extended in order to utilise tlie full 
supply available in the Ganges. This was approved 
by the Court of Directors in September 1841. 

A committee was appointed who recommended a 
scheme which was estimated to cost seven hundred and 
twenty-two thousand six hundred and forty pounds ; 
it contemplated a discharge of 6,750 cubic feet per 
second, and an irrigable area of 1,473,920 acres; the 
estimate was for main canals and branches only, as it 
was intended that all distributaries should be con¬ 
structed by the landowners, as had been done on the 
neighbouring works of the East and West Jumna 
canals. Work was commenced on this project in 
1842. 

In February 1846 Captain Cautley submitted de¬ 
tailed estimates for three separate projects. In each 
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of these the discharge at full supply was 0,750 cubic 
feet per second ; of this quantity it was assumed that 
1,000 cubic feet would bo lost by evaporation, absorp¬ 
tion, and navigation, and that the remainder would be 
available for irrigation. .'The last of these projects, 
which was estimated to cost nine hundred and thirty- 
three thousand nine hundred and seventy-four pounds* 
was recommended for adoption by Captain Oautley 
and subsequently approved by Government. 

This scheme contemplated a main line of canal from 
Hurdwar to a point near Allygurh, whence two 
branches were to bifurcate, one terminating in the 
Ganges at Oawnpoor, the other (the Etawah branch) 
ill the Jumna at Jar. 

The above lines were to be navigable throughout, 
and two other branches were to bo taken off above 
Allygurh. The proposed lengths were as follows :— 

Miles. 


Maon line ..... 380 

Futtehgurh Branch .... 160 

Bulundshuhur Branch. . . .70 

Cawnpoor Branch . . . .63 

Etawah Branch .... 172 


845 

Nine escape channels were provided from the main 
canal and three on the Oawnpoor branch. Compen- 
sation for land occupied by the works and provision 
for establishment charges were not included in any 
of the above estimates. 

The returns were thus estimated. The duty of the 

7 ♦ 
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water was taken at 218*75 acres per cubic foot per second 
of water-supply and the rate at one rupee per acre. 

£ 

Water-rate 5,750x21875=1,257,812-5 acres at 


Bs. 1 . 

• « t * • 

. 126,781 

Mill power 

« • • • 

. 10,000 

Navigation Tolls 

6,000 

• Sundries 

• • • I 

718 


Gross Income 

. 142,499 


Deduct working expenses 

. 39,044 


Net Profit. 

. 103,455 


or 10*34 per cent, on the expenditure of, say, one 
million pounds. In May 1847 the G^overnment of 
India directed that the works should bo vigorously 
pushed on, and added the following instructions :— 
1st. The primary object of the canal to bo irriga¬ 
tion , navigation to bo carri(*d out in so far as it was 
not inconsistent with irrigation. 

2nd. The works in the Ganges valley above 
Roorkee to be as recommended by Captain Cautley. 
The precise course of the channels below Roorkee to 
bo subsequently determined. 

3rd. The proportions proposed by a medical com¬ 
mittee, which had recommended some alterations in 
the designs of the canals on sanitary grounds, to be 
adopted. The chief of these recommendations was 
that the main canals were to bo kept as far as possible 
within soil—and all irrigation to be given from dis¬ 
tributary channels and not from the main canals. 

These alterations having been incorporated in the 
estimates raised them to one million five hundred and 
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sixty thousand five hundred and eighty pounds. The 
chief causes of the excess of this estimate over the 
fot'mer ones were, in addition to the alterations re¬ 
commended by the medical committee, the reduction 
of the slope of the bed in the upper portion of the 
main line necessitated by the sandy nature of the sub¬ 
soil, the consequent increase in the number of masoqry 
falls, the alterations in the distribution of the water to 
the branches, the increase in the number of bridges, and 
the buildings necessary for sheltering the establishment. 

Water was admitted into the canal in April 1854, 
and irrigation commenced in the following year. 

During the next few years defects in the works 
gradually came to light, which it is unnecessary here to 
recapitulate in detail. The chief defect was excessive 
declivity in the bed of the main channel, which caused 
a velocity of current greater than the sandy soil was 
calculated to withstand without erosion. An investi¬ 
gation was accordingly ordered by the Q-overnment of 
India in 1864. At the close of that year— 

Three detailed estimates were submitted : 

1st. For rectifying defects on the existing main line 
and Cawnpoor branch, and remodelling the main line 
to enable it to carry the full supply as originally pro¬ 
jected, viz. 6,750 cubic feet per second. 

2nd. For an alternative channel, 167 miles in 
length, from the great aqueduct at Roorkee (18 miles 
from the head) to the bifurcation of the Cawnpoor 
and Etawah branches at the one hundred and eighty- 
first mile to carry a portion of the full supply. The 
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existing channel was large enough to oari^^ the re¬ 
mainder, without any material alteration. 

3rd. For a separate channel, 165 miles in length, 
between the same points as in No. 2. This was for 
navigable communication only. 

The lengths of the several channels of the canal at 


thfat date were as follows :— 

Miles. 

Main Line .... 

. 181 

Futtehgnrli Branch . 

. 82| 

BulundBhnhur Branch 

45 

Koel Branch .... 

Not commenced 

Cawnpoor Branch 

. 170 

Etawah Branch . . . 

. 170 

Total 

. 648^ 


The aggregate length of distributaries constructed 
was 2,266 miles, and the total capital outlay to the 
end of the official year 1862-63 was calculated to have 
amounted to two million one hundred and fifty-five 
thousand nine hundred and ninety-seven pounds. 

It was decided that the-best course to follow was 
to rectify the defects in the existing channels to 
enable them to carry the full supply as originally 
projected. If this course were finally decided on the 
probable total capital outlay on the Ganges canal 
was estimated at three million and eighty-four thou¬ 
sand one hundred and ninety*two pounds. This esti¬ 
mate included the cost of distributaries which had 
been previodsly omitted in all estimates, but no pro- 
^on:w0(S madc for land compensation. 
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In 1863 Sir Arthur Cotton* visited the works of 
the Ganges canal, and reported for the information 
of* the East India Irrigation Company on the works of 
the canal and the improvements which he considered 
necessary to make the works successful. In his re¬ 
port he stated that there were the greatest funda¬ 
mental mistakes in the projection of the can^.* 
These were :— 

1st. That the head of the canal was placed too high 
up the river, above a tract which had a very great 
and inconvenient fall, and in which there was a 
very heavy drainage from the sub-Himalayas across 
which the canal had to be carried. 

2nd. That the whole canal had been cut so as to 
carry the water below the level of the surface, entail¬ 
ing a vast unnecessary excavation, and keeping the 
water below the level at which it was required for 
irrigation. 

3rd. That the whole of the masonry works were of 
brick, while the most suitable stone for hydraulic 
works was procurable in the sub-Himalayas. 

4th. That the whole of the water was admitted at 
the head, so that some of it was conveyed 360 miles 
to the land it irrigated, while it might have been ob¬ 
tained at a sufficient level at a distance of, say, 50 or 
100 miles. 

5th. That there was no permanent dam across the 
river at the head of the canal, so as to secure the 

* Memotaadam by Major-Gkueml Sir Arthur Oottou upon the 
Gauges Chuoal, July 1863. 
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supply of water, but temporary works were thrown 
up after every monsoon, which were liable to be swept 
away at the very time when they were most wanted. 

In addition to these Sir Arthur Cotton enumerated 
fourteen minor mistakes which he said he had detected 
in the canal. 

* • Sir Arthur Cotton in his report suggested a scheme 
of alteration and improvement of the canal which he 
thought necessary to make this most important work 
complete and thoroughly effective both for irrigation 
and navigation. The chief suggestions made were :— 

1st. To form, a new head with a permanent weir 
below the confluence of the Solani, through which' the 
main supply of the canal would'be received. 

2nd. To construct new weirs below this new head, 
and to add such additional weirs with looks as would 
reduce the slope of the bed to about 3 inches or 6 inches 
a mile. 

3rd. To form a large basin at the heads of the 
canals as a silt-trap. 

4th. To extend the canal to Allahabad and to form 
additional heads with permanent weirs both in the 
Jumna and the Ganges, 200 or 300 miles below the 
Solani, so as to admit additional water into the lower 
part of the canal. 

5th. To cut cross lines of canal connecting the dif¬ 
ferent branches at several points. 

6th. To make distributaries and drainage channels 
for the ex^ncled irrigation. 

Sir Arthur Oottbn estimated the additional capital 
to carry out his suggestions at two million 
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seven hundred and twenty-five thousand pounds. He 
then' thought 6| million acres would be commanded 
for a total sum of five million pounds. 

This report of Sir Arthur Cotton’s was the com¬ 
mencement of a long and .acrimonious discussion be- 

_ * 

tween him and Sir Proby Cautley on the works of the 
Ganges canal. Sir Proby Cautley admitted in his replies* 
to Sir Arthur Cotton that he had made a mistake in 
the excessive slope which he had given to the bed of 
the canal, but he denied that Sir Arthur Cotton was 
right in condemning any other of the details of the 
project than this one of the slope. In 1866 a com¬ 
mittee was convened by order of tlie Government “ to 
decide upon the propriety of proceeding as previously 
determined with the project of 1864 for remodelling 
the canal, or of stopping its progress pending the 
preparation of a detailed project according to the 
views of Major* General Sir Arthur Cotton.” The result 
of these inquiries was*'that Government adhered to 
the remodelling project, proposed previously to Sir 
Arthur Cotton’s report, with a few alterations in detail. 

In 1868 the attention of the Government of India 
was again drawn to the question by a note submitted 
by Colonel Strachey, then Inspector-General of Irri¬ 
gation Works, in which he pointed out that though 
the existing Ganges canal was able to supply the 
upper portion of the Doab, there were large tracts 
lower down which could never be brought under its 
influence, and that a better distribution of the avail¬ 
able fvater in the river could be made by dividing it 
into tolerably eq'ual proportions and constructing a 
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lower canal, as originally suggested by Sir A. Cotton, 
to carry the water to the lower half of the Doab. 

This led to the projection of the system of works 
now known as the “Lower Ganges canal,” and to 
material alterations in the measures for rectifying 
and completing the old “ Ganges canal.” 

• , The revised project for the latter contemplated an 
average discharge at the head of 6,000 cubic feet per 
second in the summer season, and 3,650 cubic feet in the 
winter; of these quantities 500 cubic feet were to be 
passed on to the new Lower Ganges canal, in each 
season, leaving 5,500 and 3,150 cubic feet per second 
to be utilized from the channels of the old canal in the 
summer and winter seasons respectively. The project 
of 1864 provided for the utilization, as in Colonel 
Cautley’s original scheme, of an average full supply 
throughout the year of 6,750 cubic feet per second. 

The revised project divides itself into two main 
heads:— 

I. Works of extension required for the full utiliza¬ 
tion of the surplus volume of water made available for 
the upper portion of the Doab by the construction of 
the Lower Ganges canal. These were— 

1st. The Deobund branch, 46 miles. 

2nd, Extension of the Anoospshuhur (old Fut- 
tehgurh) branch, 43 miles, 

^ 8rd. Extension of the Bulundshuhur branch, 67 
miles. 

4th. Completion of distributary system* 

, 6iJi. Drain6«e. 
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II. Alterations of existing main channel and the 
Cawnpoor branch to the junction with the Lower 
Ganges canal, to adapt them to the altered conditions 
of irrigation and navigation entailed by the opening of 
the lower canal. 

The estimate for the canals as thus finally deter¬ 
mined upon amounted to three million one hundred 
and eighty-three thousand three hundred and ninety 
•pounds, but this sum did not include indirect 
charges. 

The head of the Ganges canal is situated near 
Hurdwar, about 20 miles above the town of Roorkee. 
The main stream of the Ganges has at this point a 
discharge in the dry season of about 8,000 cubic feet 
per second. A little above the town of Hurdwar the 
Ganges throws off a small branch about 300 feet 
broad, which rejoins the river again about a mile 
and a half below Hurdwar. This branch has been 
utilized as the offtake of the canal, it has been 
deepened and the slope of the bed made uniformly 
8^ feet per mile down to the Myapore regulating 
bridge and dam by which the supply of the canal is 
regulated. There are no permanent masonry works 
of any kind at the point where the branch leaves the 
main river, but the discharge is forced into the branch 
by temporary bunds which are made afresh every 
year. 

At Myapore the headworks consist of a dam across 
the branch and a regulating bridge across the head of 
the canal. Both the dam and the regulating bridge 
are fitted with sluices, so that the discharge which is 
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forced down from the Ganges can be entirely ad¬ 
mitted to the canal, or can be entirely allowed to 
escape again to the Ganges, or any portion of it 
that may be required can be admitted. From the 
Myapore head-sluice to, Roorkee the canal passes 
through the Khadir of the Ganges, from that point 
• it follows the high land of the Doab. During its 
course through the khadir the canal flows nearly 
parallel with the foot of the hills and crosses all the 
streams, torrents, and drainages which flow from 
them. In the sixth mile the Ramipore torrent, which 
has a catchment basin of about 45 square miles, is 
carried across the canal by a masonry work termed a 
super-passage. This work is, in fact, an aqueduct 
carrying the torrent across the canal. The waterway 
provided for the torrent is 196 feet broad and 14 feet 
deep. In the tenth mile the Puttri torrent, which has 
a catchment basin of 80 square miles, is carried across 
the canal by a masonry work of similar design to the 
Ramipore super-passage, but the width of the water¬ 
way is 296 feet instead of 196. These torrents are 
subject to sudden floods of great violence. 

In the thirteenth mile the canal encounters the 
Rutmoo torrent ; this torrent has a catchment basin of 
about 126 square miles, it is about 21 miles in length, 
and the slope of its bed is about 8 feet per mile. This 
torrent is boldly admitted into the canal itself * over a 


* ** Report on the (toges Canal Works,*' by Sir Proby Cantley 
pja^rt iu. vol. ii. ' 
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masonry inlet; this inlet consists of a masonry plat¬ 
form provided with sluices which at all periods, except 
when floods are running, are closed by gates. The 
torrent passes out of the canal over a masonry dam 
immediately opposite to the inlet. This dam consists of 
forty-seven sluices of 10 feet in width, with their sills 
flush with the canal-bed; they are separated by piers* 
3^ feet thick. These are flanked on each side by five 
‘sluices of the same width, but having their sills raised- 
to a height of 6 feet, with intermediate piers of the 
same dimensions as those in the centre sluices. On 
the extreme flanks are platforms raised to a height of 
10 feet above the canal-bed, and corresponding in 
height with the rest of the piers. The amount of 
waterway, therefore, through the sluices, up to a 
height of 6 feet, is equal to 470 feet in width; to a 
height from 6 to 10 feet, it is increased to 570 feet; 
and when flood-water rises above that height, the 
Water passes over the full extent of the masonry, 
which is 800 feet in width. 

A regulating bridge is built across the canal im¬ 
mediately below this inlet and escape, so that the 
supply of the canal itself below the influx of the 
torrent may be independent of the amount of water 
which the torrent may throw into the canal. This 
regulating bridge is precisely the same as the regu¬ 
lator at Myapoor; it is fitted with sluice-gatLS, so 
that the discharge of the canal can be accurately 
regulated by it. 

In the nineteenth mile, just before the canal leaves 
the khadir of the Ganges, it crosses the Solani river 
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by an aqueduct. The Solani drains an area of about 
216 square miles; it has a discharge in the highest 
floods of about 35,000 cubic feet per second, the fall 
of its bed being, in the neighbourhood of the canal, 
about 5 feet per mile. ‘The aqueduct which carries 
the canal across this river has a total length of 15,700 
feet. The banks of the canal on the up-stream side 
of the aqueduct are revetted by masonry steps for a 
distance of 10,713 feet, and for 2,723 feet on the 
down-stream side. The bed of the canal is raised 
considerably above the level of the country in the 
valley of the Solani river for a distance of about 1-| 
miles above the aqueduct, and for about ^ mile 
below it; the greatest height of the canal-bed above 
tho country at any point is about 24 feet. In the 
construction of this great embankment many methods 
of work were used. The last method was that of tilt- 
waggons drawn by a locomotive j this was supposed 
to be the first locomotive ever used in India; it was 
started on the 21st of December 1851. The aqueduct 
itself consists of fifteen arches of 50 feet span each 
through which the Solani flows; the extreme width 
of the foundations of the aqueduct is 252 feet. The 
waterway of the aqueduct itself is 172 feet broad; it 
is divided by a continuous wall along the centre, and 
piers fitted with grooves are built at each end* so 
that by planking up the grooves one-half of the aque¬ 
duct can be closed if necessary. 

In addition to the two works where torrents are 
carried across the canal in snper-passages, the work 
hy^'Whioh the Butfnoo torrent flows actually through 
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the canal itself, and the great aqueduct which carries 
the canal over the Solani, there are in the first 20 
miles of the Ganges canal no less than five masonry 
works which admit smaller drainages into the canal; 
the waterway of two of these minor works is 50 feet 
broad, there is one of 30 feet, one of 100, and one of 
150. 

After it reaches the high land of Roorkee, the main 
* canal follows the high land between the West Kalli 
nuddi and the Ganges, the canal flows to the east 
of Mozuffurgur and to the west of Meerut; after 
passing Meerut the canal takes a rather circuitous 
course, following the high land nearly up to Bo- 
lundshuhur, it then runs for some distance almost 
parallel to the Bast Kalli nuddi for a short distance 
below Allygurh; here the main canal terminates, or 
rather, it bifurcates into the Cawnpoor and Etawah 
branches. 

The Cawnpoor branch flows on the high land be¬ 
tween the rivers Esun and Rind, and flows into the 
Ganges at Cawnpoor; it is 170 miles in length and 
navigable throughout. At the point of the bifurcation 
of the main line a masonry regulator controls the dis¬ 
charge down this and the Etawah branch. 

The Etawah branch follows the high land between 
the Seyngoor and Rind rivers, and after a course of 
170 miles flows into the Jumna near Humeerpore. 

The Futtehghur or Anoopshuhur branch leaves 
the ‘main line at the fiftieth mile of its course; it 
flows parallel to the Ganges at a distance of about 8 
miles from fcfie river, past Shahjahanpore to. Anoop- 
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feliiihur, at which point it formerly terminated, 
into the Ganges, after a course of 82^ milO®, a Httle 
below the town. , ' 

, The Bolundshuhur branch -leaves the ’ n^ain i^nal 
at its one hundred and tentji mile; it flows between 
Kurwun and Puttia nuddis. In the scheme of !8^|t 
it was intended tp be 45 miles long, but only 11 
miles of it were opened in 1876. 

The Koie branch leaves the main canal in the one 


hundred and fifty-second mile; it forms a cross line of 
communication to Anoopshuhur. 

The nature of the country offers abundant facilities 
for the construction of escapes from the canals. 
These are necessary on account ofthe great length 
of the canals and the large body of water they carry. 
In addition to the wprks of the Eutmoo torrent, which 


can always be used for the escape of water, there are 
fivo escapes on the main canal, in the sixty-second,? 


sixty-ninth, eighty-se^nth, one hundred and forty- 
first, and pne hundred and sixty-sixth miles. Op the 
Chtwnpoor canal there are four escapes, and there are 
three on the fitawah line* in addition to others on the. 

‘ <; I 


minor brasnc^h^. 

- Up to the end of 1877-78 the actual expendit|ii:e 
on the oaiial had been three million and fifty-®ip 0 , 
thousand and fifteen pounds. The area 


1*^05,000 acres. 
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